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PREFACE

2One of the objectives of the U.S. Air Force Installation Restoration Program (IRP) is
to provide individuals -esponsible for the management and implementation of the IRP
with informetion to evaluate the health hazards asociated with actu21 or potential
contamination of drinking water supplis. -, "je HAM, G. Armstrong Aerospace
Medical Research Liboratory wo requested bj f1-Q USAF/SGPA to develop health

lnd environmental information for each potential contaminant of drinking water
supplies associated with USAF installations. This IRP Toxicology Guide consists of
four volumes.which wet initially issued in 1985-1987. The original Toxicology Guide
was produced under contract F33615-81-D-0508 by Arthur D. little, Inc. for the
Biochemical Toxicology Branch, Toxic Hazards Division, Harry G. Armstrong
Aerospace Medical Research Laboratory (AAMRL), Wright-Patterson AFB, OH.
The updated volu.nes of the Toxicology Guide include new regulatory requirements
and recently published toxicology information. The updated Toxicology Guide was
produced under an Interagency Agreement with the U.S. Department of Energy, Oak
Ridge National Laboratory (87.TH-0002) for the Hazard Amsc.,sment Branch, Toxic
Hazards Division, AAMRL, Wright.Patterson AFB, OH.

For each chemical in the IRP Toxicology Guide, the environmental fate, exposure
pathways, toxicity, sampling and analysis methods and state and federal regulatory
status are outlined. The material provided is intended as an overviov of key topic
areas; no attempt was made to provide a comprehensive review. Users are
encouraged to read the Introduction to 1 olume 1 of the IRP Toxicology Guide
before applying chemkiai-specific information. '

Candidate chemicals for inclusion in subkquent Toxico•ogy Guide updat,'s should be
forwarded through MAJCOM bioenvironmental engineers to HQ USAF/SGPA.
Consultant service for current tczicological information should be obtained from the
USAF OFHL/ECO, Brooks AFB, TX 78235-5000.

Substantial effort was made to assure that the information contained in the
Toxicokia Guide was current and reliable at the time of publication. Users are
encouraged to report apparent discrepancies or errors to AAMRLYTHA. Wright.
Patterson AFB, OH 45433-6573. Copies of this document are available from:
Natkonal Technical Information Services, 5285 Port Royal Road, Springfield, VA
22161. Federal Government agencies and their contractors registered with Defense
Technical Information Center should direc requests for copies to: Defense Technical
Information Center, Cameron Station, Alexandria, VA 22314.
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ABBREVIAT1ONS AB-1

LIST OF ABBREVIATIONS, ACRONYMS, TERMS AND SYMBOLS

This list of abbreviations, acronyms, terms and symbols is selected from the pages
of the Guide. Words and phrases defined here include those occurring in more than
one chapter, those indispensable to understanding !be material in a chapter and those
that may help clarify some of the definitions themslves. Not listed are chemical
synonyms which can be found in the chemical index and words adequately defined at
the point of use.

A Acre

AA Atomic absorption spectroscopy

ACGIH American Conference of Governmental Industrial Hygienists

Active metals This refers to metals such as 'umirnium, calcium, magnesium,
potassium, sodium, tin, zinc, znd their alloys.

ADI Acceptable daily intake

ADL Arthur D. little, Inc.

Adenocarcinoma A malignant tumor originating in glandular or ductal epithelium.

Adenoma A benign growth of glandular tissue.

ae Acid equivalent

Aerosol A suspension or dispersion of smal solid or liquid particles in air
or gas.

AFOSH Air Force Occupational Safety and Health Standard

Alkali metals Metais (in Group 1A of the Periodic Table,) such as lithium,
sodium, potassium, rubidium, cesium, and francium. The alkali
metals react vigorously, at times violently, with water. These
metals present a dangerous fire risk when in contact with
moisture or oxidizing materials.
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Alkaline Calcium, barium, strontium, and radium (Group HA of Periodic
earth Table). Alkaline earth metals are less reactive tian sodium and
metals potassium and have higher melting and boiling points.

Ambient water Surface water

Ambient water That concentration of a pollutant in a navigable water
criterion that, based upon available data, will not result in adverse impact

on important aquatic life, or on consumers of such aquatic life,
after exposure of that aquatic life for periods of time exceeding 96
hours and continuing at least through one reproductive cycle; and
will not result in a significant risk of adverse health effects in a
large human population bascd on available. informaton such as
mammalian laboratory toxicity data, epidemiological studies of
human occupational exposure data, or any other relevant data.

Amines A class of organic compounds of nitrogen that may be considered
as derived from ammonia (NH3) by replacing one or more of the
hydrogen atoms (Ai) with straight or branched hydrocarbon (alkyl)
groups. All amines are basic in nature and usually combine
readily with hydrochloric or other strong acids to form salts.

API American Petroleum Institute

Aquifer An underground, permeable saturated strata of rock, sand or
gravel containing ground water.

Aromatic A major group of hydrocarbons containing one or more rings like
benzene, which has a six-carbon ring containing three double
bonds. Most compounds, in this group are derived from petroleum
and coal tar and are reactive and chemically versatile. The name
characterizes the strong and pleasant odor of most substances of
this group. NOTE: The term 'aromatic' is often used in perfume
and fragrance industries to describe essential oils, which 'are not
aromatic in the chemical sense.

atm Atmosphere (760 Torr)

ATP Adenosine triphosphate, a nucleotide cofactor important in many
biological reactions where energy is transferred.

Autoignition The minimum temperature at which the material will ignite
temperature without a spark or flame bcin- present. Along with the flash

point, autoignition temperature gives an indication of relative
flammability.

'7 '7~~&
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BCF Bxocontentration factor, a measure of the cumulative
build-up of a specific compound sequentially through a food chain.

Benign A term meaning noncancerous.

BOD Biochemical oxygen deui and

BUN Blood urea nitrogen

bw Body weight

C Celsius (Centigrade)

CAA Clean Air Act

CAG Cancer Assessment Group of the U.S. Environmental Protection
Agency

Calc A number calculated by Arthur D. Little, Inc.

Carcinogen Any cancer-producing substance.

Carcinoma A malignant epithelial tumor.

CAS REG NO Numeric designation assigned by the American Chemical Society's
Chemical Abstract Service which uniquely identifies chemical
compound.

cc Cubic centimeter(s)

CERCLA Comprehensive Environmental Response Compensation and
Liability Act

CFR Code of Federal Regulations

CL Ceiling limit value

cm Centimeter(s) (1E-02 meter)

Chemically This phrase generally refers to metals such as, calcium,
active magnesium, potassium, sodium, tin, zinc, and their alloys.
metals

.• - "- . .- ...

, - *.' . .
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CNS Central nervous system which consists of the brain and spinal
cord. The CNS controls mental activity plus voluntary muscular
activity. It also coordinates the parasympathetic and sympathetic
nervous systems, which command the body's involuntary function--.

CO Carbon monoxide

CO2  Carbon dioxide

Cp Centipoise

CPSA Consumer Product Safety Act

C*t Product of concentration multiplied by time of exposure

CWA Clean Water Act

d Density

da Day(s)

"Degrees, as in 3"*C

DNA Deoxynrbonucleic acid

DOT U.S. Department of Transportation

Drinking Water which meets the specifications o, the water
Water quality standards and is therefore suitable for human consumption

and for all usual domestic purposes.

ECD Electron capture detector

EEC European Economic Community

EEG Electroencephalogram, it detects abnormalities in the electrical
waves emanating from different areas of the brain.

EKG Electrocardiogram, a recording of the changes in electrical
potential that occur during a cycle of heart muscle activity,
producing a characteristic series of waves.

EPA Environmental Protection Agency

Epithelium The covering of internal and external surfaces of the body,
including the lining of vessels and small cavities.

77 -
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EpoXide An organic compound containing a reactive group resulting from
the union of aa oxygen atom with othsr atoms (usually carbon)
that are joined as shown below-

.0

-C -C-

Tis group, commonly called "eporx', characterizes the epoxy
resin.. Epichlorohydrir and ethylene oxide are well-known
epoxides.

estim Estimated value

F Fahrenheit

FDA Food and Drug Administration (U.S.A)

FDCA Food, Drug and Cosmetic Act

FID Flame ionization detector

FIFRA Federal Insecticide, Fungicide and Rodenticide Act

Finished Tap water, Le., water that has undergone drinking water treatment

Flammable The range of gas or vapor concentrations in air,
limits generally expresed in units percent by volume, capable of
in air supporting coiubustion when ignited. The lower end of the range

is commonly referred to ss the lower flammable limit (LFL) and
sometimes as the lower explosive limit (LEL). The upper end of
the range is called the upper flammable limit (UFL) or 'he upper
explosive limit (UEL).

f,. Fraction organic carbon in soil (0 < f. S 1)

FR Federal Register

ft Foot

g Cr-m(s)

Gavage Forced feeding through a tube passed intn the stomach.

GC Gas chromatography
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SGastro-intestinal

Ground water Subsurface water that occurs beneath the water table in soils and
geologic forms that are fully saturated.

H Henry's law constant (atmtn m'Imol)

3H Clemical symbol for the radioactive isotope of hydrogen of atomic

mass 3.

ha Hectare, a unit of area equal to '10,000 square meters.

HA EPA's Health Advisory (formerly termed SNARL), an estimate of
the ao adverse response level for short and lorg-term exposures
to a chemical via drinking water.

Half-life Time required for removal or degradation of one-half of the
original quantity.

Halogen One of the electmnegative elements of Group VIIA of the
Periodic Table: fluorine, chlorine, bromine, iodine, and astatine.
Fluorine is the most active of ail chemical elemnts.

Halogenated Containing one or more atoms of halogens.

Hemangioma A tumor compose of blood vessel.

Hemangicoarcoma A malignant tumor composed of endothelial cc!ls which line the
bean and veels of the circulatory system.

HS Mercury

HMTA Hazardous Materials Transportation Act

HPLC High-pressure liquid chromatography

HSDB Hazardous Substances Dila Bank

Hydrocarbon An organic compound (as acetylene or benzene) cnnsisting
exclusively of the elements carbon and hydrogen and often
occurring in petroleum, natural gas, coal, and bitumens.
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Hydiolysis The addition of the hydrogen and hydroxyl ions of water to a
molecule, with its consequent splitting into 2or more simpler
mokcales.

IARC International Agency for Research on Cancer

IDLH Immediately dangerous to life or health concentration; represents
the maximum level from which on- could escape within 30
minutes without any escape-impairing symptoms or any irreversible
health effects.

in Intramuscular

in Inch

intradermal Situated or applied within the skin

in vitro Des~nrbes biological experiments in laboratory apparatus rather
than in a living organism.

in vivo Describes process that cccurs within a living organism.

ip Intraperitoneal

IR Infrtared spectroscopy

IRP InstAllation Restoration Program

1W Internsaional units

iv Intravenous

K4 (or K,) Soil sorption cocfflccnt

kg kilogram(s) (IE+03 :rams)

Soil absorption coeftfcient notm, izrid to rep:e.nt amunt sorbed
per unit w.veight uf organic c.rxn in roil

L Litcr(s)

lb Pound(s)

LC, The concentration required to kill Met", of test individuals.

LCL Lowest reporti-A lethal concentration.
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LC*'t Product of the concentration times time which causes lethality in
*of the exposed population.

LDn The dose required to kill 50% of test individuals.

LDL. Lowest reported lethal dose.

Lesion An abnormal change in an organ because of injury or disease.

log K., Log of the octanol-water partition coefficient.

Lower The lowest concentration of the material in air which
flammable will support combustion.
limit

m Meter

m) Cubic meter(s)

MAC Maximum allowable concentration

Malignant Pertaining to the growth and proliferation of certain tumors which
terminate in death if not checked by treatment.

MCL Maximum contaminant level

MDL Minimum detection limit(s)

mEq Milliquivalent (1/lOOG of an equivalent)

mg Milligram(s) (IOE-3 gram)

mg% The concentration of a solution expressed in milligrams per 100
mL

min Minute(s)

Mineral acids Examples include boric, disulfuric. fluosilicic,
(aon-oxiding) hydriodic. hydrobromic, hydrochloric, hydrocyanic, hyfluoric,

permonosulfuric, phosphoric, and selenous acids as well as
chlorosulfonic acid and various fluorophosphoric acids.

Miner,"l acids Examples include bromic, chioric, chromic, acids
(ozidizing) hypochlorous, nitric, nitrohydrochloric, perbromic, perchloric,

perchlorous, periodic, and sulfuric acids as well as oleum.
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mL Milliliter (1E-03 liter)

MID Minimum lethal dose

mm Millimeter(s) (IE-03 meter)

mM Milmimoles

mol Gram mole

MPRSA Marine Protection Research and Sanctuaries Act

MS Mass spectrometry

Mutagen A material that induces genetic damage.

MW Molecular weight

n Normal (isomer), as in n-butyL

N Normal (equivalents per liter, as applied to concentration);
nitrogen (a in N-m:thylpyridine).

Narcosis A state of stupor, unconsciousness or arrested activity.

NCI National Cancer Institute

NEPA National Environmental Policy Act

NFPA National Fire Protection Association

NIOSH The National Institute for Occupational Safety and Health

NIOSH No. A unique, nine-position accession number assign'ed to each
sulstance listed in the Registry of Toxic Effects of Chemical
Substances published by NIOSH.

NIPDWR National interim primary drinking water regulation

Nitride Compounds of nitrogen with No as the anion. These compounds
may react with moisture to evolve flammable ammonia gas.

NOEL/NAOAEL No observed (adverse) effect level

NPL National Priority List

NTP National Toxicology Frogram
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21 Nanog=rm(s) (IE-09 Vam)

OHM/TADS Oil and Hazardous Materials Technical Assitanc, Data
system

OSHA Occupational Safety and Health Aaz (or Administration)

Oxidation Any process involvirg the addition of oxygen, loss of hydrogen, or
loss of electrons from a compound.

Oxidizing Any compound that spontaneously evolves oxygen either
materials at room temperature or under slight heating. The term include

such chemicals as peroxides, chlorates, perchlorates, nitrates, and
permanganates. These can react i,|gorousýy at ambient
temperatures when stored near or in contact with reducing
materials such as celaklosic (i.e, cotton, paper, rayon) and other
organic compounds. In general, storage ares for oxidizing
materials should be well ventilated and kept as cool as possible.

PEL Permissible exposure limit, as found in 29CFR 1910.1000.

Percutaneous Penetration of the skin

PS Icogram(s) (IE-12 grams)

pH A me,.sure of acidity or alkalinity of a solution on a scale of 0-14;
log of the reciprocal of the hydrogen ion concentration.

PMD Photo ionization detector

Pk Peak corcentraticn.

Plasma The straw-colored, fluid portion of blood that remains whcn all
cells are removed.

po By mouth

Polymerizabit A substance capable of self-polymeritation under
material appropriate ,.onditions. Polymerization reactions are often violent,

exothermic, and capable of causing violent rupture of sealed
containert.
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Polymerization A chemical reaction, usually carried out with a catalyst, heat, or
light, and often under high pressure. In this reaction, a large
number of relatively simple molecules combine to form a chain-
like macromolecule. This reaction can occur with the release of
heat. In a container, the heat associated with polymerization may
cause the substance to expand and/or release gas and cause the
container to rupture, sometimes violently. The polymerization
reaction occurs spontaneously in nature; industrially it is
performed by subjecting unsaturated or otherwise reactive
substances to conditions that will bring about the combination.

POT(Ws Publicly owned treatment works

ppb Part(s) per billion

ppm Part(s) per million

ppt Part(s) per thousand

PVA Polyvinyl acetate

PVC Polyvinyl chloride

Raw Applied to water or waste water that has undergone no
treatment.

RCRA Resource Conservation and Recovery Act

Reactivity Relating to the petential for a substance to undergo
(chemical) cbemirAl transformation or change in the presence of other

materials. Such chemical reactions often (but not always) are
hazardous and involve evolution of heat, tonic or flammable gase.s,
fires, or expolsions. The products formed by the reaction may
have properties or hazards different from those of the chemical
reactants.

RBC Red blood cells
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Reducing These agents act to extract and liberate hydrogen from organic
agents substances and may generate toxic and/or flammable gases and

heat in contact with water. Many reducing agents may be
pyrophoric and may ignite combustible materials in the pr.esence
of air. Contact with o:idizing materials may result in violent or
explosive reactions. Examples of reducing agents include calcium,
phosphorus, sodium, hydrane, arsine, and metallic ace",v;des,
aluminates, boranes, bromides, carbides, chlorides, hydrides,
hydroborates, hyposulfites,, iodides, phorphides, selenides, and
silanes, as well as metal alk'ls such as triethyl aluminum and
diethyl z

Reduction Decrewaing the oxygen content or increasing the proportion of
hydrogen in a chemical compound or Wdding an electron to an
atom or ion.

REL Recommended exposure limit

Rf Retardation factor, i.e., the ratio of the velocity of the interstitial
water to the veloc-ty of a pollutant in soil.

RED Reference dose

RMCL Recommenced maximuxr, contaminant level

RNA Riabunucleic acid

RQ Reportable quantities

SAE Society of Automotive Engineers

sc Subcutaneous, beneath the skin

SD Standard deviation, a mcasure of the spread of individual
measurements of a normally distributed variable.

SDWA Safe Drinking Water Act

see ,Second(s)

Serum The clean amber fluid that remains after blood has clotted; plasma
without any of the substances involved in clotting.

SOOT Serum glutamic oxalacetic transaminase, an enzyme released into
the serum as the result of tissue injury, especially injury to the
heart and/or liver.

roll lia'
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SGPT Serum glutamic pyruvic trpnsaminase, an enzyme released into the
serum as a result of tissue injury, especially damage to liver cells.

SH Sulfhydryl group

SNARL Suggested no adverse response level

STEL Short-term exposure limit

STP Standard temperature and pressure

Subcutaneous Beneath the skin

Surface water That water contained on the exterior or upper portion of the
earth's st.rface: it does not include ground water.

Sym Symmetrical

Half-lifa

"TD,. Lowest reported toxic dose

Teratogen A material tnat induces nontranswissible changes (birth defects) in
the offspring.

TLV Threshold limit value; an ACGIH-recommended time-weighted
average concentration of a substance to which most workers can
be exposed without adverse effect.

TNT Trinitrotoluene, an explosive used in the munitions industry.

Toxic metals These include antimony, arsenic, barium, beryllium,
and their bismuth, cadmium, chromium, cobalt, copper, indium,
compounds lead, manganese, mercury, molybdenum, nickel, osmium, selenium,

thallium, thorium, titanium, zinc, and zirconium; compounds
containing these metals; and metallic compounds containing
mines, boron, calcium, cesium, magnesium, silver, strontium,
tellurium, tin, tungsten, or vanadium, among others.

TSCA Toxic Substances Control Act

TWA Tume-weighted-average

Ug Microgram(s) (1E-06 gram)

ML Microliter(s) (IE-06 liter)

10,1211 RI 31! T IIIXE
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urn Unsymmetrical

Upper The highest concentration of the material in air which
flammable will support combustion.
limit

USAF United States Air Force

USEPA United States Environmental Protection Agency

VoL% The number of milliliters of a substance in 100 millilitcrs of the
medium.

Water quality Legally enforceable provisions 'of state or Federal law
standard which consist of a designated use or uses for the waters of the

United States and water quality criteria for such waters based
upon such uses

WHO World Health Organization

wk Week(s)

w/v Weight per unit volume

w/w Weight per unit weight

% Percent

> Greater than

Greater than or equal to

< Less than

Less than or equal to

Approximately

Yields or causes

+ Plus

/7;7
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COMMON CAS REG.NO-. FORM1ULA: AIR WNV CONVERSION
SYNONYMS: 302.01-2 H4N2  FACTOR at 25 'C (12)

Dianide NIOSH NO-
Diamine MU7175000 1.3 mg/Im3  1 ppm;:
Hydrazine 0.764 ppm • 1 mg/r.Hydrmae anydr,,• STRUCTURE

Hyrazine H.N-NH 2  MOLECULAR WEIGHT:
Levdne 32.05

Hydrazine is a strong reducing agent that is extremely
reactive with many materials. Contact with strong oxidizers
such as hydrogen peroxide, nitrogen tetroxide, chromates,
chromic anhydride, chlorine, fluorine, halogen fluorides,
fuming nitric acid, nitrous oxide, oxygen and potassium or
sodium dichromate may result in immediate ignition or
explosion. Contact with metal oxides of iron, copper,, lead,
manganese, or molybdenum may cause flaming
decomposition. Copper salts promote decomposition of
hydrazine and the catalytic decomposition caused by Raney
nickel at room temperatures is vigorous. One maker
suggests avoidance of all catalytic metals (lead, copper, zinc,
cadmium, cobalt, molybdenum, gold, silver) and certain

REACTIVITY alloys of these metals. Hydrauineý may ignite spontaneously
in air when in contact with organic materials with large or
porous surfaces such as rags, cotton waste, sawdust, earth,
or wood, and one source even adds asbestos to this list.
Explosive metal hydrazides form when hydrazine and alkali
metals are mixed in liquid ammonia. The blue precipitate
formed when nickel perchlorate is mixed with hydrazine in
water has been known to explode when a glass stirring rod
was introduced. Contact with tetryl results in immediate
ignition. Ethereal solutions of hydrazine with zinc diamide
or diethyl zinc produce zinc hydrazine that explodes at
70C Chemical compatibility charts indicate potentially

hazardous reactions with a wide variety of other materials
(504, 505, 507, 511).

* Physical State: Liquid, oily, fuming
in air (at 20*C) (12)

PHYSICO- e Color: Clear (12)
CHEMICAL 0 Odor: Fishy, ammonia type odor (12)

DATA * Odor Threshold: 3.OCO to 4.000 ppm (59)
* Density: 1.0036 g/mL; (HCN)

(at 20*C) (2)
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9 Freeze/Melt Point: ZO.0C (12)
* Boiling Point: 113.5-C (12)
* Flash Point: 100.00*C

cdosed and open cup (60,504)
0 Flammable Limits: 4.70 to

100.00% by volume (60,504)
* Autoignition Temp.: 23.9 to 270.0'C

varies; 270 on glass, 23.9
rusty iron, 132 black iron,
156 stainless steel (60,504,506)

0 Vapor Pressure: 1.04E+01 mm Hg
PHYSICO- (at 20"C) (2)

CHEMICAL 9 Satd. Conc. in Air:. 28000E+04 mg/m'
DATA (at 20"C) (67)
(Cont.) * Solubility in Water:. Miscible

(hygroscopic) (60)
* Viscosity: 0.900 cp (at 20*C) (21)
, Surface Tension: 6.6670E+01 dyne/cm

(at 20'C) .(21)
0 Log (Octanol-Water

Partition Coeff.): Not pertinent,
S Soil Adsorp. CoefM: Not pertinent

0 Henry's Law Const.: Z00E-07
atm. mm/mol (at 20"C) (1219)

• Bioconc. Factor. Not pertinent

Hydrazine is fairly mobile in soil water systems, but fairly
PERSISTENCE non-persistent as well. Soil pH and organic carbon
IN THE SOIL- content have a large effect on its retention. Its

WATER degradation half-life in water is on the order of days,
SYSTEM and in waters exposed to the atmosphere, volatilization

losses may be significant.

The primary exposure pathway of concern from
soil/ground-water systems is the migration of hydrazine

PATHWAYS to ground water drinking water supplies. Exposures
OF through inhalation may be important in some situations.

EXPOSURE However, the importance of these pathways is very
dependent on the environmer.-I :onditions.
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Sigs and Symptoms of Short-term Human Exposure:
(46)
Hydrazine vapor is immediately irritating to the nose and
throat and causes dizziness, nausea, itching, burning and
swemling of the eyes over a period of several hours.
Tempo:ary blindness may occur aud last up to 24 hours.
Exposure to liquid can cause severe burns. Systemic
effects include weight loss, weakness, vomiting and
convulsions.

Acute Toxicity Studies:

INHALATION:
LC" 741 ppm. 4 hr Rat (59)

HEALTH LC" 252 ppm 4 hr Mouse (3504)
HAZARD LC% 570 ppm. 4 hr Rat (3504)

DATA,
ORAL.
LD5, 60 mg/kg Rat (59)

SKINM
LD3, 91 mg/kg Rabbit (59)
LD* 190 mgPig Guinea pig (3504)

LonL-Termn Effects: Liver and kidney damage
Pregnancy/Neonate Data: Embryolethality. Slight
teratogenic and fetotoxdc in rats at dose levels also
Maternally toxic.
Genotoxicitv Data. Conflicting evidence.
Carcinogemcity Classification:
IARC - Group 2B (possibly carcinogenic to humans)
NTP - No data
EPA - Group B2 (probable human ca.cinogen)

Handle chemical only with adequate ventilation
* Vapor concentrations up to 10 ppm: Any supplied.
air respirator or any self-contained breathing apparatus
* 10-50 ppm: Any supplied-air respirator with full face-

HANDLING piece, or any seif-cont2ined breathing apparatus with full
PRECAUTIONS facepiece * 50-80 plm: Any type C supplied-air

(54) respirator with fuMl facepiece operated in pressure-
demand or other positive pressure mode or with full
facepiece, helmet, or hood operated in continuous-flow
mode * Chemical goggles to protect the eyes
* Rubber aprons, gloves and boots.



5-4 HYDRAZ3NE

ENVIRONMENTAL AND OCCUPATIONAL STANDkRDS AND
CRflEEL4_

AIR EXPOSURE LIMITS:

Standards

0 OSHA TWA (8-br): 0.1 ppm (skin)
* AFOSH PEL (8-br): 0.1 ppm; Ce-i;Lg Limit (15-min): 0 ppm (skin)

.jteria
0 NIOSH 1DLH (30 min): NIOSH hbs recommended that t e substance be

treated as a potential carcinogen
9 NIOSH Ceiling Limit (120 min.): 0.04 mg//m'
* ACGIH TLV (8-hr TWA): 0.1 ppm (skin) A2 - suspect human

carcinogen
* ACGIH STEL (15 min): None established

WATER EXPOSURE LIMITS:

Drinking Water Standards
None established

EPA Health Advisories and Cancer Risk Levels (3744)
- No Heakh Advisories

1E-04 cancer risk. I ig/L

WHO Drinldng Water Guideline
No information available.

EPA Ambient Water Quality Criteria
* Human Health (355)

- No criterion established; hydrazine is not a priority pollutant.

0 Aquatic Life (355)
. No criterion established; hydrazine is not a priority polluitarnt.

REFERENCE DOSES:
No reference dore available.



HYDRAZINE 55-5

REGULATORY STATUS (as of 01.MAR-89)

Promulgated Regulations
0 Federal Programs

Safe Drinking Water Act (SDWA)
In states with an approved Underground Injection Control program, a
permit is required fot the injection of hydrazine-containing wastes
designated as hazardous under RCRA (295).

Resource CQnscrmation ard Recovery Act (RCRA)
Hydrazine is identified as a reactive, toxic hazardous waste (U133) and
listed as a hazardous waste constituent (3783, 3784).

.omQrehensive -Environmental Response Compensation and Liability
Act (CERCLA)
Hydrazine is designated a hazardous substance under CERCLA. It has
a reportable quantity (RQ) limit of 0.454 kg. Reportable quantities
have also been issued for RCRA hazardous waste streams containing
hydrazine but these depend upon the concentrations of the chemicals
in the waste stream (3766). Hydrazine is designated an extremely
hazardous substance under SARA Title III Section 302. Any facility at
which hydrazine is present in excess of its threshold planning quantity
of 1000 pounds must notify state and local emergency planning officials
annually. If hydrazine is released from the facility in excess of its
reportable quantity (RQ), local emergency planning officials must be
notified (3766). Under SARA Title IM Section 313, manufacturers,
processors, importers, and users of hydrazine must report annually to
EPA and state officials their releases of thls chemical to the
environment (3787).

Marine Protection Research and Sanctuaries Act (MPRSA)
Ocean dumping of organohalogen compounds as well as the dumping
of known or suspected carcinogens, mutagens or teratoges is
prohibited except when they are present as trace contaminants. Permit
applicants are exempt from these regulations if they can demonstrate
that such chemical constituents are non-toxic and non-bioaccumulative
in the marine environment or are rapidly rendered barmless by
physical, chemical or biological processes in the sea (309).

Occupational Safety and Health Act (OSHA)
Employee exposure to hydrazine shall not exceed an 8-hour
time-weighted average (TWA) of 0.1 ppm. Employee skin exposure to
hydrazine shall be prevented/reduced through the use of protective
clothing and practices (3539).

Hazardous Materials Transportation Act (HMTA)
The Department of Transportation has designated hydrazine as a
hazardous material with a reportable quantity of 0.454 kg, subject to
requirements for packaging, labeling and transportation (3180).

.77- N 7
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Boo D emti Act (FDCA)
Hydrazinc may not be used as a boiler water additive in any amount in
the preparation of steam that will contact food (361).

* State Water Programs

All states have adopted EPA Ambient Water. Quality Criteria and
NDPWRs (sce Water Exposure Limits section) as their promulgated
state regulations, either by narrative reference or by relisting the
specific numeric criteria. These states have promulgated additional or
more stringent criteria:

New York has an amtient water quality standard of 5 jug!/L at less than
50 ppm hardness and 10 jg/L at greater than or equal to 50 ppm
hirdness for Class A. A-S, AA. AA-S, B, and C surface waters. New
York also has an ambient water quality standard of 50 xig/L at less
than 50 ppm hardness and 100 g4/L at greater than or equal to 50
ppm hardness for Clss D surface waters (3500).

* Provose Re~ulations

0 Federal Programs
'No proposed regulations are pending.

* State 'Water Programs
No proposed regulations are pending. Most states are in the proce.u
o(f revising their water programs and proponing changes in their
N-egulations which will folkyw EPA's changes when they become final.
Contact with the state o(Ticer is advised. Chamiges are projected for
1989.90 (3683).
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1i.wive'o n Q -wa, - r (538)
Direct discharge into ground-wacr (Le., writhout percolation through
the ground or subsoil) of organoph-mphorous compounds,
organohalogen compounds and subttar,,'es which may form such
comnpounds in the aquatic envir-nru, ert, substances which possess
carcinogenic, mutagenic or teraogcnic p.x'perties in or via the
aquatic environment and mincral 'cils •ud hydrocarbons is prohibited.
Appropriate measures deemed nc,,tary to pr-ment indirect
discharge into ground-water (i.c., via percolation through ground or
subsoil) of these substances shaUl bletakc by member countries.

Dirive tt Diochar2 ...Q. ngs S tfl (535)
Organohalogens, organophosphates, petrolcum hydrocarbons.
carcinogens or substances wh;ch have a deleterious effect on the
taste and/or odcr of human food derived from aquatic environments
cannot be diacharged into inland :urface waters, territorial waters or
internal coastal waters without prior authorization from memnr
countries which issue emiasion standards. A system of zero-
emission applies to discharge of the:e suestances into ground water.

]•.• M~dt• ,dL~a.y,[,•0grQ~ Su~tac¢•(541)

Hydrazine may not be used in ornamcntalobjects intended to
produce light or color effects by means of differeot phases.

Pirevtn on tthe iIQ-.m1t P&kAmn! and 1abclitg__of

Hydrazine is classified a a toxic substance and is subject to
pacLaging and labeling regulations.

j ,,irLiD (3991)
The labels ofl packages contaiming prepnrationi dassifitd as very
toxic, toxic or corrc-ive must bear the safety advise S1/S2 and W46 in
addition to the specific safety advice. If it is physically impxssible to
give such information. the package must be accompanied by precise
and easily understooxd instructi)ns.
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55.1 MAJOR USES

Hydrazine is used in industry as a chemical intermediate in the manufacture of
pharmaceuticals, plastic blowing agents, as an oxygen scavenger in boiler feed water
treatment and in fuel cells (1402. 1403). It is also used as a missile propellant
(1431), and in auxiliary power units of the space shuttle orbiter and solid rocket
boosters (1608). Each F-16 aircraft carr;es 6.5 gallons of a 70% hydrazine/30% water
solution used in an emergency power unit to supply electrical and hydraulic power
(1403, 1608). As a major user of hydrazine. the Air Force has sponsored much of
the research on its environmental chemistry (1608-1615).

55.2 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS

552.1 Tran pon in SoMALround-water System

55.21.1 Overview

Hydrazine is expected to be relatively mobile in the soil/ground-water system
when introduced either in aqueous solutions or in pure form. Hydrazine is a liquid at
ambient temperature and is used alone, mixed with water or with unsymmetrical
dimethylhydrazine (UDMH). Bulk quantities of hydrazine in any of these forms
could be transported through the unsaturated zone. despite hydrazine's high reactivity.
However, as discussed later in this section, hydrazine is susceptible to a number of
degradation pathways in the soil/ground-water system.

"The hydrazinium cation, NH5, is a weak acid (pKa - 7.98, 25*C, at zero ionic
strength) (1703), thus hydrazine acts as a base in solution. At pH 7 (and low
hydrazine concentrations), approximately 90% of the hydrazine will be protonated and
9% will exist as NiH. while at pH 8 approximately half will be protonated and half
unprotonated.

Transport pathways for hydrazine cannot be assessed using an equilibrium
partitioning model Although hydrazine undergocs volatilization, much of it exists in
ionized form, as described above, which is non-volatile. As an inorganic compound,
its sorption to soils and sediments is not directly proportional to the soil organic
carbon content as is the case for organic species. In equilibrium models the basis for
partitioning between soil-water and soil is the K,, value (organic carbon partition
coefficient) for the chemical, which does not apply to inorganic chemicals, such as
hydrazine.

55.2.1. Sorptio oo Scils

The sorption behavior of hydrazine on soils has been investigated by two groups
of researcher Using four soils with the properties shown in Table 55-I.
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Braun and Zirrolli (1610) examined the leaching and sorptionbehavior of hydrazine
and related fuels. Soil columns 20 cm high and 10 cm in diameter were saturated
with distilled water and drained, and 10 mL of 0.1% v/v hydrazine was
applied and allowed to equilibrate for 15 minutes. The columns were then leached
with 2 liters of distilled, deionized water at 5 m/.lminute. The percent hydrazine
recovered is shown in Table 55-1. These results should be interpreted with caution
since no distinction was made between degradation and retention. Nonetheless they
do show the high mobil~ty of hydrazine in pure sand compared with soil containing
organic matter.

Using 3 grms of the same soils mixed with 30 mL of a 0.002% vN aqueous
hydrazine solution for 20 minutes, the sorption results in Table 55-2 were obtained
(1610). The 'adsorbed* hydrazine was calculated from the difference between the
initial aqueous hydrazine concentration and the aqueous concentration after
equiliration with soil. The extracted value is a measure of that actually removed
from the soil; the difference between adsorbed and extracted amounts may represent
degradation or sorption.

Hayes et al. (1612) have studied the interaction of hydrazine with various soil
materials. The sorption of hydrazine on cation-exchanged montmorillonites was found
to be highly pH dependent. Since cation exchange between NIHs and Na" was the
main sorption mechanism, 5-6 times as much hydrazine sorbed at pH 4 as at pH 8.
For Al 2 and Fe'-cxchanged montmorillonite, the increase was ten-fold over the
same pH range, but for Ca` montmorillonite only a slight increase in sorption was
observed.

Hayes et al. (1612) also found a large interaction between hydrazine and geothite
under neutral and acidic conditions. While the extent of sorption was not quantified,
the formation of soluble hydrazine-iron (11) complexes was observed. The work
reported by lsaacson and Hayes (1615) and Hayes et al. (1612) on the sorption of
hydrazine to humic acids wis performed at pH 4 and is thus not particularly relevant
to environmental conditions. However, the authors note that pH had little influence
on the sorbent molecules so it could be expected that at higher pH the importance of
chemisorption would incr-.zase and that of ton exchange (of NHS") would decrease.

55213 Volatiization from Soda

Hydrazine has a high vapor pressure (14 mm Hg at 25C). Since it is used in
pure form or as a major component of mixtures, volatilization from soils or surface
waters can be a significant transport pathway. However, hydrazine acts as a base in
solution, and its tendency to volatilize from aqueous solutions will depend on the
fraction of NH, that remains unprotonated, which is a function of pH. A
pseudo-Henry's law constant of 1.0 mg/mn/percent hydrazine (v/v) in solution can be
inferred from the data of MacNaughton et aL (1613) for mixturen of pure hydrazine
and water at low hydrazine concentrations (<0.1%).

Eii
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TABLE 55-A
HYDRAZUNE BEHAVIOR IN SOIL SORPTION STUDIES

(See Table 55-1 for information on soil compositions)

Soil % Adsoibed& % Extracted' % Nonrecoveredd

Sand 1 2

VAFB 58 44 14

Organic 53 25 28

Clay' 77 59 18

a) Initial solution was 0.002 percent (v&') hydrazine in water.
b) Percentage of hydrazine either decomposcd or sorbed during soil-fuel mixing.
c) P crentage of hydrazine extractable from soil with 0.1N HCI.
d) Difference between percent sorbed/decomposed and that extracted - may indicate

a t of iuel decomposed.
e) Clay soil was not diluted with pure sand in these studies.

Source: Braun and Zirrolli (1610)

Evaporaion rates for hydrazine from petri dishes were found to range from
16-100 n Ig/cm', hr under uncontrolled ambient conditions (1613). When mixed with
water (cr when pu.re hydrazine has absorbed water and CO, from the atmosphere)
volatilization is substantially decreasd Mixtures of water and hydrazine containing
75% or ýe hydrazine in 9 cm diameter petri dishes were found to lose about 10%
or leso the bydrazine after 5 hours at 21.5C with an air velocity of 63.5 cm/s.

55.2A2 Transformatkx Procest-s in SoilGroun-Water System

Hydrazine is a strong reducing agent, and might be expected to be very reactive
in the environment. However, in the abserce of catalysts (certain metal ions), it is
remarkably stable (1608, 1610). Using distilled water, pond water, and sea water, the
aqueous oxidation of 0.1 mmol hydrazine after 5 days wai found to be <2%, 20%,
ard 40% complete, respectively (1402). Under similar conditions using filtered and
unfiltered pond water to which 4E-06M Cu (II) had been added, roughly 90% of the
hydrazine had degraded after 5 hours. The rate of oxidation was strongly dependent
on temperature, increasing 40-fold from 5* to 30*C for an initial 1 mg/L hydrazine
solution at pH 8 with 10 mg/L dissolved oxygen and 1E-06 mol/L Cu.
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The half-life for hydrazine degradation (without regard to reaction type) has
been reported to be about 5 days in oxygenated aqueous solutions (1613) and about
V3 days in filtered pond water (1610).

The degradation of hydrazine is enhanced by the presence of organic matter
(1615) and by bacteria (1608, 1609). However, the toxicity of hydrazine to
microorganisms makes its biological treatment (e.g., of waste propellants) impractical.
It has been found that for activated sludge plants, an influent concentration below I
mg/L would be required to provide a 'no effect' level for proper operation (1403,.
Hydrazine was found to have a more pronounced effect on ammonia nitrification
(oxidation) than on carbon oxidation (1609).,

55.2.3 Puiay Rnuw of Exposr f&am SoIound-Water Systewms

The above discussion of fate pathways suggests that mobility and potential
exposure to hydrazine is very dependent on the environmental conditions. The
compound is carsidered to have a high volatility, however the ionized form is
non-volatil.. Under neutral or acidic cond~tions, most of thk. hydrazine will be
protonated. Adsorption is similarly dependent on pH. Hydrazine does appear to be
mobile in sandy soils and under alkaline conditions. The potential for
bioaccumulation of hydrazine is very low. These fate characteristics suggest several
potential exposure pathways.

Volatilization of hydrazine from a disposal site may represent an important
exposure pathway under some conditions. There is also some potential for drinking
water contamination resulting from the migration of hydrazine with ground-water. No
observations of either pathways were found in the literature. Their importance may
be diminished by the degradation of hydrazine either in soil/ground-water systems or
in the atmosphere.

Discharges of hydrazine to surface waters from soil/ground-water systems would
probably not represent significant sources of exposure due to the volatility of
hydrazire, and its potential for biodegradation.

55.2.4 Other Sotna= of Human Eptr

Information on other sources of exposur.- to hydrazine is limited. The primary
source of human exposure Appears to be smoking, as hydrazine is a component of
mainstream cigarette smoke (1418). No data were found on its presence in the
ambient environment and its use in fuel cells and as a missile propellant suggest no
potentil9 for consumer exposure.

1110 1 MN
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55.3 HUMAN HEALTH CONSIDERATIONS

55.3.1 Animal Shadim

55.11

Elevated incidences of lung and liver tumors have been reported in rodents
exposed to hbydrazine and its sulfate Salt.

CBA/Cb/Se mice were administered 0, 0.14, 0.28, 0.56, or 1.13 mg
hydrazine/mouse daily via a stomach tube, for 150 days (1698), then held until death.
A dose-rmlated trend in the incidence of hepatomas was found, i.e., 1.9%, 18%,
57.1%, and 61.2%, respectively, in the 0.14, 0.28, 0.56, and 1.13 mg/day treatment
groups. An incidence of 6.8% was observed in the control group. Tumors
metastasized to the lung in four mice in the high dose group.

A second phase of the experiment involved the treatment of golden hamsters
with hydazine. Oral hydrazine doses were 2.8 mg/day for 20 wceks or 3 mg/day for
15 weeks. Animals were examined at death. Hepatic lesions were present in 82.8%
of the hamsters given the 2.8 mg/day treatment and 60.8% of the animals treated
with 3 mg/day. No liver lesions were fotbnd in the control animals. The most
frequently seen lesions in hydrazine-treated hamsters were cirrhosis and
reticulo-endothelial cell proliferation (1698).

Bonan et aL (3078) administered hydrazine sulfate (170, 340, or 510 mg/L in
drinking water) to male Syrian golden hamsters for 2 years. Dimethylnitrosamine was
used as a positive control Negative control animals received distilled water only.
Hepatocellular carcinomas were observed in animals treated at the highest dose after
78 weeks of exposure. The incidence of liver cancer was doe-related: 32% for
hamsters exposed to 510 mg hydrazine sulfate/L, 12% for 340 mg/L, and none at 170
mg/L. In the positive controls, the incidence of cholangiocellular carcinomas was
73% and of hepatocellular carcinomas, 27%. There were no hepatocellular or
cholangiocellu!ar carcinomas in the negative control animals. (These results
demonstrated for the first time that hydrazine was a liver carcinogen in the hamster).

Biancifiori (1699) postulated that excess estrogen production might enhance
pulmonary tumors induced by hydrazine. Hydrazine sulfate, at a dose of 1.13 mg/day,
was administered by stomach tube for 150 days to female BALB/c/CQ/Se mice in
various hormonal states. Hydrazine treatment increased the incidence of pulmonary
tumors to 90% in virgin mice, 100% in breeder and 60% in gonadectomized female
mice (vs. 4, 8 and 27% in control groups, respectively). Both adencmas and
carcinomas were present in all treated animals. Carcinomas in the breeders
metastasized to the adrenal glands and myci, ardium. Bianciflori concluded that the
greater ovarian hormone production prev, 't in breeders accentuated the existing
susceptibility to pul'nonary tumor induction in BALB/c mice.

El
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Mice exposed to 0, 1, or 5 ppm hydrazine in a 6-month inhalation study were
evaluated for carcinogenic effects one year after the last exposure (1700). A total of
5 alveologenic carcinomas, 2 lymphoarcomas and 1 hepatoma were found in 6 of 9
mice (67%) exposed continuously to 1 ppm hydrarie Five of 6 mice (83%) exposed
to 5 ppm hydrazine 6 hours/day, 5 days/week developed alveologenic carcinomas.
The incidence of alveologenic carcinoma was dose-related. Other tumors observed in
experimental animals did not occur in the control mice.

Lung adenomas and adenocarcinomas were noted in 21% of male and 28% of
female Cb/Se rats at 109 weeks following daily adminitr3tion of 12-18 mg hydrazine
sulfate by gavage for 68 weeks. Hepatic cell carcinomas or spindle cell sarcomas
were also found in 31% of the male rats. There were no tumors in control rats
(1678).

Hy'irazine sulfate did not exhibit any tumor initiating activity when administered
orally (283 mg daily for 4 weeks) to BALB/,cCb/Se mice followed by skin application
of croton oil for M0 weeks (1681).

IARC considers these and other data (1250) sufficient evidence of positive
carcinogenic effects induccd by hydrazine and hydrazine salts in laboratory animals.
Epiden•iological data are considered inadequate to determine the carcinogenic effect
of hydrazine and hydrazine salts in 'humans. IARC has classified hydrazine as a
Group 2B compound (1250).

55.3.1.2 Genotaziit

Hydrazine is mutagenic in various microbial tests but its genotoxicity in mammals
in -i.+o is debatable. Hydrazine was positive in the Ames test with a broad range of
activity towards :he TA1535, TA100, TA1537, TA1538 and TA9N strains of
Salmonella thimurium (1632) and was mutagenic in Escherichia coli strain WP2
(1628).

Shukla (3652) tested it in th, s.-x-Elnked recessive lethal assay in Drosophila but
"the data are too few for a test of significance.! In an in vivo somatic cell assay with
DmohjI!, Negishi et al. (3490) treated larvae with hydrazine and did not observe
any increase above controls in the wing-spot assay.

Speit et aL (3676) observed a dose-dependert inrrease in sister chromatid
exchanges ir cultured Chinese hamster VT) cells following hydrazine treatment, and
Kuszynski et al (1631) determined that hydrazine wax a weak mutagen in detecting
mutations to ouabain resistance in V79 cells. Hydrazine has been shown to induce
thyvnidine mutations without metabolic activation in L5178Y mouse lyrmphoma cells
(1629)

Sina et aL (3657), tismg alkaline eluti,'n as a r'eans of observing DNA damage,
observed that treatment ,ith 3.0 eM hydrazine induced DNA breaks in freshly
perfused rat hepatocytu treated in culture for 3 hr. Parodi et al. (1632) Ž:und a

A-
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sigaflicnt increase in DNA breal in the liver and lung of male Swiss mice injected
intraperitoneally with hydL-azine. Rohrborn et aL (1679) found it positive in a mouse
host-mndiated assay using SaJmonella =)himurium hisG46 as the indicator organism,
indicating that hydrazine was metabolized to a mutagen.

Unscheduled DNA synthesis was not induced by hydrazine in the germ cells of
mice given 10 to 120 mg/kg hydrazine intraperitoneally during the early stages of
spermatogenesis (1630) and hydrazine was shown to be negative in a mouse
dominant-lethal test (3202).

553.1.3 Terato genicity, Emroaiiyand Reproductiv Effects

The effect of repeated injections of low doom of hydrazine on fetal development
was studied by Lee and Aleyassine (1639). Pregnant Wistar rats were injected
subcutaneously with 8 mg/kg hydrazine for 10 days (gcstational days 11-21). A second
group of pregnant rats were administered tfie same treatment in addition to a daily
intramuscular injection of 200 mg/kg pyridoxine hydrochloride (Vitamin B,). Since
hydrazine inhibits some pyridoxal phosphate dependent enzymes (1778),
administration of Vitamin B,, night provide protec-tion against hydrazine toxicity. Half
of the rats were sacrificed and their fetuses examined on day 21 whiie the remaining
animals were allowed to deliver to term. Three maternal deaths were reported in the
group treated with hydrazine alone. These animals were extremely emaciated before
death and post mortem examination revealed a loss of glycogen in the liver cells.
Fetal examination revealed resorption of a large number of fetuses in the hydrazine
only group. Surviving fetuses were pale, edematoux and studded with petechial
hemorrhages. No gross malformations were seen. Injection of Vitamin B, improved
the fetal survival rate from 37% to 70%. All newborns of dams treated with
hydrpzine died within the first 24 hours. In the group given hydrazine and Vitamin
B,, 50% delivered live newborns but these animals were pale and less active than
saline controls. All pups were dehydrated the first 1-2 days but eventually recovered
and all but 4 developed and grew normally through weaning.

Keller et al. (1634) continued the investigation of thc embryotoxicity of hydrazine
Sin Fischer 344 rats. Hydrazine intraperitoneally injected at a dose of 10 mg/kg/day on
gestational days 7-9, 10-12 or 13-15 revealed that development during days 7-9 was
most susceptible to the effects of hydrazine. The incidence of resorption was
significantly higher in this treatment group (6.1 vs. 1.5 in controls). Fetal
abnormalities were also significantly increased in this group with 50% of the fetuses
examined exhibiting anomalies (super-numerary ribs, moderate hydronephrosis and
moderate hydrocephalus). In a separate experiment, the incidence of resorption was
significantly increased in rats treated percutaneously with 50 mg/kg hydrazine on
gestational day 9 for 30 minute (9.4 v. 0.3 in control animals). Ten of 12 litters
were completely resorbed in this group. Maternal toxicity was evident in this group.
It was concluded that hydrazine was embryotox"c to the rat and showed a
dose-related embryolethality with early organogenesis being most susceptible to the
toxic effects of hydrazine.
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55.3.14 Other ToxicoloID Effects

55±1,AI Short-tam Tcity

Hydrazine is a highly corrosive compound which can produce many toxic effects.
CNS disturbances, hematological disturbances, and tissue damage resulting from fat
deposition and cellular necrosis have all been reported (Z 46). The oral LD,. of
hydrazine for the rat is 60 mg/kg while the percutaneous LD% is 91 mg/kg for the
rabbit. Inhalation of hydrazine is also highly toxic and the LCM is listed as 570 ppm
for 4 hours for the rat (59).

Jacobson et at (1640) reported the toxic effects of hydrazine on the central
nervous system. Rodents exposed to hydrazine vapor (concentration not stated) were
restless, had difficulty breathing, and experienced convulsions and exophthalmos.
Death occurred within several hours of hydrazine exposure. The skin permeability
constant for hydrazine vapor in rats is reported to be 6E-05 cm/hr (1780).

The dermal toxicity of hydrazine is widely docum•nted in laboratory animals. A
cloth with 3 mL of hydrazine applied to the shaved bellies of 3 rabbits for one
minute resulted in the death of two animals 60 and 90 minutes, respectively, after
application. The rabbit which survived had been anesthetized prior to treatment and
the area of application washed after the hydrazine cloth was removed. Within 2
hours of treatment, the affected skin reddened, turned blue, then brown with a dry,
burned appe2rance. The area became dry, scaly, crusted and inflamed before healing
(1627.

Keller et al. (1624) investigated the rate and extent of absorption of hydrazine in
the rabbit. A direct correlation between the duration of hydrazine exposure and
serum hydrazine concentrations was shown. Severe chemical burns were found in
rabbits percutaneously exposed to 95% anhydrous hydrazine or 70% aqueous
hydrazine solution. The lesions contained areas of trans-epidermal necrosis with
varying degrees of dermal necrosis. No significant lesions were noted following
percutaneous exposure to 15% or 2% anhydrous hydrazine. Data also indicate that a
lag time exists between percutaneous exposure to hydrazine and the increase in serum
hyruazine concentration. This delayed absorption supports the existence of an
epidermal compartment.

Scales and Timbrell (1779) studied the pathogenesis of hydrazine induced fat
accumulation in male Sprague-Dawley rats within the first 4 hours of intraperitoneal
injection with 60-200 mg/kg hydrazine hydrate. Control rats were injected with water.
The LD,. value for hydrazine given intraperitoneally was between 80 and 100 mg/k1 .
Rats given the highest doses went into convulsions within 5 minutes and died within 3
hours of dosing. A dose of 60 mg/kg was well tolerated for 24 hours; the livers of
these animals were pale, enlarged and showed marked hepatocyte vacuolation.
Electron microscopy revealed numerous lipid vacuoles in the hepatocytes. The
severity of the fatty liver was similar after a dose of 40 mg/kg hydrazine. Lipid
vacuoles, an increased number of microbodies and swollen mitochondria were also

________ / 4 ..
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detected in the proximal tubules of the kidney. Pretreatment with phenobarbital
produced an induction of cytochrome P-450 which caused a decrease in the extent of
fatty vacuolation. Animals pretreated with piperonyl butoxide, a microsomal enzyme
inhibitor, showed greater fatty vacuolation after hydrazine treatment. Depletion of
hepatic glutathione by pretreating animals with diethyl maleate produced no
histological changes.

Wakabayashi et aL (3822) studied the changes in physicochemical properties of
mitochondrial membranes induced by hydrazine. It was found that hepatic
mitochondria obtained from male Wistar rats placed on a 1% hydrazine diet for 3
days became slightly enlarged and sometime: elongated, while they became gigantic
(megamitochondria) after 7 days of hydrazine treatment. The total amount of
phospholipids (per mg protein) and the content of Ca' were increased in
mitochondria after 3 days of hydrazine treatment, but were almost normal in
megamitochondria after 7 days of hydrazine treatment.

Haghighi and Honarjou (3258) investigated the effects of hydrazine on
phosphatidate phosphohydrolase (PAP) activity in the liver of adult male Wistar rats.
The injection of 0.7 mmole/kg of hydrazine in fasting rats caused an increase in PAP
activity in the soluble fraction of the liver up to 24 hr, after which time it declined.
Increased activity of this enzyme was parallel with a rise in liver triacylgblcerol (3.5-
fold), and in the catec'iolamine concentration (3.4-fold) in adrenal glands. Hydrazine
also caused an increase in serum glucose.

55.3.14.2 O-oa Toxicity

The majority of long-term studies reported in the literature deal with inhalation
of very low levels of hydrazine vapor.

To examine the long-term effects of free base hydrazine inhalation, Vernot et al.
(1635) exposed Fischer 344 rats and Golden Syrian hamsters to 0, 0.05, 0.25, 1 or 5
ppm hydrazine, C57BL/6 mice to 0, 0.05, 0.25 or 1 ppm hydrazine and beagle dogs to
0, 0.25 or 1 ppm hydrazine. All animals were exposed 6 hours/day, 5 days/week for
one year. Hamsters were retained for 12 months, mice for 15 months, rats for 18
months and dogs for 38 months post-exposure.

In contrast to other species, mice were the most resistant to hydrazine exposure,
exhibiting a questionable borderline increase in benign lung tumors at the top
exposure leveL No deleterious effects were observed in dogs at necropsy.
Inflammation and squamous metaplasia were increased in the nose, larynx and trachea
of rats exposed to 5 ppm hydrazine, indicative of the irritative effects of the higher
concentration of hydrazine. Increased inflammatory and degenerative changes were

4 also noted in the reproductive system of female rats exposed to 5 ppm. Hamsters
developed generalized amyloidosis (pathologic change characteristic of degenerative
disease) in the liver, kidney, thyroid and adrenal glands. Hemosiderosis in the liver,
bile duct hyperplasia, and senile atrophy of the testes were increased in exposed
hamsters. Neoplasms of the nasal epithelium increased in rats and hamsters with
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greater than 50% of the male rats exhibiting benign nasal tumors at the 5 ppm level.
Adenomatous polyps were commonly observed at this dose level (86/193 vs. 0/291 in
control rats and 16/160 vs. 1/181 in control hamsters). Neoplasms were also observed
in the thyroid (4/137 vs. 0/145 in controls) and the digestive system (6/1,45 vs. 0/169 in
controls) of hamsters, however, these values were not statistically significant. It was
concluded that hydrazine was capable of inducing nasal turors, primarily benign, in
rats and hamsters after 1 year of intermittent inhalation. Colon, stomach and thyroid
tumors in hamsters and bronchial adenomas in rats occurred in small numbers only at
the highest level tested.

Results of animals involved in a 6-month hydrazine inhalation study were
reported by Constock et aL (1771). By the end of the experiment, 50% of the dogs,
76% of the rats, 75% of the mice and 80% of the guinea pigs exposed to 18 mg/m3

hydrazine were dead. Necropsy of the surviving dogs revealed aipid deposiion in the
spleen and liver. Anemia was also evident. All animals exposed to 6 mg/m'.
hydrazine for 6 months survived. Signs of toxicity included loss of appetite, loss of
body weight, vomiting, irregular breathing, fatigue and tremors.

Haun and Kinkead (1772) reported results of a low exposure inhalation study
with hydrazine. Beagle dogs, Rhesus monkeys, Sprague-Dawley rats and ICR mice
were exposed to (1.2 or 1 ppm hydrazine vapor continuously for 6 months or 1 or 5
ppm hydrazine vapor 6 hours/day, 5 days/week for 6 months. Following 8 weeks of
exposure, hematocrit values were reduced 11%, hemoglobin concentrations were
reduced 16-22% and etythrccytd counts were reduced 10-12% in dogs exposed to 1
ppm hydrazine continuously or 3 ppm intermittently. All values returned to normal 2
weeks after exposure ended. Reticulocytosis also occurred in dogs exposed to 1 "-=
hydrazine continuously. Histological examination of all animals showed moderate to
severe fatty liver changes. Death of 40% of the mice exposed to I ppm continuously
and 35% of the mice exposed to 5 ppm hydrazine intermittently was attributed to
these liver changes (1772).

In an Air Force Systems Command document (3012), an inhalation study on
male Rhesus monkeys, Sprague-Dawley albino rats, and ICR Swiss albino mice was
described. Continuous exposurt to hydrazine in concentrations of 0.78 (0,25-1.38)
ppm for 90 days resulted in 20, 98, and 99% mortality of the monkeys, rats, and mice,
respectively. In monkeys, fatty degeneration of the Ever was commoa, and renal and
myocardial involvement were seen occasionally. Both rats and mice showed
macrophage and/or polymorphonuclear leukocyte inilitration in the lung and fatty
degeneration of the liver.

553.2 Human and Epideioloic Studi

55.3.2.1 Short-term Tomolopc Effects

The majority of reports on hydrazine toxicity involve industrial related exposure
of chronic inhalation or dermal exposure. Very few acute case studies have been
reported.
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One case of accidental ingestion of hydiazine was reported by Reid (1636).
After swallowing 'between a mouthful to a cupful' of bydrazine the victim
immediately vomited and lcst consciousness. He was unconscious, flushed and
afebrile with dilated pupils upon admission to the hospital. Twelve hours
post-ingestion, he stopped vomiting. his pupils contract-d and diverged to the right
and he was sporadically violent. He was treated with Vitamin B, 48 hours later.
Following treatment, the man's memory and voluntary moveuient returned to normA
He was able to draw but could not write and he could not sense vibrations. He aLxa
experienced prickling of the skin on his arms and legs. His condition was reported to
improve and he was discharged from the hospital 2 weeks post-ingestion.

NIOSH (1625) reported eye injury in a German factory worker exposed to
hydrazine vapor. About ten hours after exposure, inflammation, swelling and a
purulent discharge were observed. Temporary blindness ensued.

55.3 2.2 Croaic Toxklogc Effects

The majority of chronic toxicity data in hu.ans are generated &om long-term
industrial exposure and mainly involved dermal or inhalation contact with hydrazine.

A fatality attributed to de.rmal hydrazine exposure was reported by Sotaniemi et
al. (1648). Ths, victim hancited hydrazine once a week for six taonths. Usually after
exposure he exper..;nced lethait,. conjunctivitis and tremors. 'The day following his
last exposure to hydrazine he dev!oped fever, vomiting and diarrhea. He soon
developed abdominal pain, black feces, and enlarged abdomen and liver. Fluid began
to acc-urulate in the lungs. Following treatment, his condition improved only to
worsen 12 days later. He died 20 days following the fatal exposure. Autopsy
re'ealed severe tracheitis and bronchitis, and the lungs were filled with exudate.
Micros.opic examination of the kidneys revealed severe tubular necrosis, interstitial
hemorrhages and inflammation indicative of toxic nephrosis. The heart was enlarged
and the myocardium was discolored. Examination of the liver revealed focal areas off
necrosis and degeneration. Sotaniemi et al. (1648) considered the damage to the
"lung. liver and 'idneys to be due to Lydrazine poisoning. Evans (1697) descri'bed the
condition of a worker dermally exposed to hydrazine intermittently for about 5
months.' A r.-sh consisting of many small vesicles developed on the back of both
hands and between the fingers of the worker. The vesicles began to rupture and
form small crusts and fissures developed on the fingmrs. Following treatment., the
worker had no further contact with hydrazne for 10 days and the rash completely
disappeared. He then inadvertently came into contact with hydrazine hydrate and the
rash reoccurred by the following day. Examination of his fingers at this time revealed
the presence of hydrazine in spite of what was described as normal washing.

A case of hydrazine-induced inflammatory dermatftis was reporttd by Reidenberg
et al. (1637). A female laboratory technician developed lupus erythematosus-like
symptoms following orzupational exposure to hydrazine sulfate. Termination of
expcsure led to a rtmission of the symptoir- The technician and her identical twin

A''"



5:_20HYDRA23NE

(who had never been cexoed to hydrazine) were subsequently challenged with
hydazie.Arthrvlig and stiIfncss rash. fatigue and low grade fever developed in

the technician, bit not the tW Hydrazinen vitro, blocked Igo production by the
technician's ces but had no effect on the twin. Both women wee slow acetylatots, a
genetic trait '.,Aich has been shown to predispose to lupus.

A follow-up epidemiological study to a 1977 cluster of ýheart attacks in Olin
Corporation workers exposed to hydrazine (data not available) was reported in
Pestid.e & Toxic Chemical News (1774). The study cncluded that the cluster of
" myc.dial infarctions reported in 1977 among hydrazine workers was a chance

4 ~oczur-ence. No addtional heart probteris have been reported and no correlation was
s&xwn between hydrazinr exposure and myocardial involvemcnt.

The carcinogenic risk associated with occupational expoure to hydrazine was
invmatigated by.Wald et aL (1638). Plant records were obtained for 406 men who
worked in hydrazine production for at least six months between 1945 and 1971.
Records were auaalyzed for age, duration of employment and estimated evtent of
hydrazine expoiure. The observed mortality was close to tbe expected values (or lung
cancer, other cancer and all causes of death. irrespective of the level of exposure (49
total deaths vs. 6!.47 expected and 4 lung cancer deatht vs. 6.65 expected). Wald
conclude• that no obvious long-teim hazard appears to be associated with hvdrazne
exposure. However, it should be noted that the sample tizme was small and only 78
men had substantial exposure (betwen 1 and 10 ppm hydrazine vapor in air).

5"33 Leve of Coona

The OSHA (3539) standard is 0.1 ppm averaged over an 8-hour work-shift, *ith
a notation of potential skin absorption. The ACGIH (3005) classdiies hydrazine as
AZ, suspect human carcinogen, and reco nds exposure no higher than 0.1 ppm
and warns of possible skin penetration.

J.ARC (1250) classifies hydrazine as a 2B carcinogen (i.e., suffcient evidence in
animals) and the USEPA (3744) has given hydrzine a B2 classifcation indicatin ga
'probable human carcinogen.

55.14 Hazard Assimnwnt

Hydrazine is a strong ikin and mucous membrane irritant. a convulsant and a
hepatotoxin. It is aboorbcd via the lungs, gastrointestinal tract and through intact
skiaL Signs of a-ute intoxication include anoreia, weight lkos, weakness, vVmiit.ng,
excitemen, and convulsions. The major histokogic findings include fatty degeneration
of the Wi-.er and nephritis. Chemical burns ..an result from skin cont3ct with liquid
hydrazine (1627, 1624).

A number of studies have .emonstrated that hydrann, given mainly as hydrazinc
sulfate, prodtces a high incidence of pulmonary adenomnas and &dent -carci nomas in
both mice and rats (1678, 1698% 1699). Hepatomas and hepatocarcinomas have I&en
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obswrved in mice treated orally with %ydrzine sulfate (1698) and a significant
incidence of nasal polyps was obser-,-vd in hamsters exposed to 5 ppm hydrazine base
by inhalation for one year (1635). Hydrazine is mutagenic in a variety of microbial
tests (1628, 1629, 1632) but its mutagenicity in mammals in vivo is debatable.
Negative results have been reported for a dominant lethal study in mice (3202) but
positivc findings were noted in a mouse host-mediated assay (1679).

With regard to reproductive effects, subcutaneous injections of 8 mg/kg hydrazine
during gestation resulted in 100% lethality among offspring of treated rats (1639).
This was attributed, at least in part, to inhibition of fetal growth. Co-administration
of Vitamin B, alowed the dams to maintain a steady gain in body weight but irsulted
in only partial protection of the fetuses. Intraperitoneal or dermal applications of
hydraaine were also found to be embryolethal to rats, with increased susceptj iity
noted during early rather than late embryogenesis (1634).

55.4 SAMPUNG AND ANALYSIS CONSIDERATIONS

Determination of the concentration of hydrazine in soi0 and water requires
collection of a reprcsentative fJeld sample and laboratory analysis. Due to the
volatility of hydrazine, care is required to prevent losses during sample collection and
storage. Soil and water samples should be collected in airtight containers with no
headapace; analysis should be completed within 14 days of sampling. In addition to
the targeted samples, quality assu ýice samples such as field blanks, duplicates, and
spiked matrices should be included in the analytical program.

Hydrazine is ntx included among the EPA-cesignated priority pollutants, and an
EPA-approved procedure for the analysis of hydrazine is not available. However, one
analytical method (1142) recommended for the analysis of art compounds. hydrzines
and derivatives involves derivatization and analysis of the derivative by gas
chromatography with a nitrogen-phosphorus detector, mass spectrometer or a flame
ionization detector.

In addition, a NIOSH-approved method for the analysis of hydrazine compounds
, in air samples is available (•0). Sampling and analysis is performed by drawing a
measured volume of air through a tube containing sulfuric acid coated silica gel to
trap the hydrazine compounds; the sorbent is then treated with distilled water to
desorb the hydrazines. A reagent containing !..,dium acetate and 2-furaldehyde is
added to the sample extract to derivatize the h',drazines; the resulting derivatives are
extracted into ethyl acetate and analyzed by gs chromatography with a flame
ionization detector.

A detection limit for hydrazine using these methods was not determined but
might be in the range cf ug/L for aqueous san-ples and ugig for non-aqueous samples.

Various spectrophotometric methods have also been used to determine hydta7ine
in water or waste waters (.3425, 3347, 3118, 3024). The complexing agents inciude
2-hydroxy-l-naphthaldehyde, silver nitrate and gelatin. 4-dimethylaminobenz3al0ehyde,
and vaniilin. Detection limits vary from sub-ppm to ppm concentrations

Li,
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CYANIDE 56-1

COMMON FR , REG NQ AIR W/V CONVERSION
SYNONYMS: CN 57.12-5 FACTOR at 25 " C

CY212W HCN 74;90-8
CfiidYane anioa NaCN 143ý33"9 1.06 mg/mr 3 1 ppm;

KCN 0.94 ppm 1 mg/mr.

acinOSH NO MOLECULAR WEIGHT:
OS7D5(CN) . 26.02
MfW682500 (HC~
VZ7S25000 (NaC$)
TS8760000 (KCN4)

EPA compatibility charts indicate that reactions of cyanides
with mineral acids or organic acids typically evolve toxic
and flammable gases. Those with halogenated organics or
ketones generally produce heat while those with nitrides oc
"alkali or alkaline eirth metals produce heat and flammable
gases. Azo or diazo compounds or hydrazines generally
evolve innocuous gases while isocyanates may additionally
produce heat. Polymerizable compounds or epoxides may
undergo violent exothermic polymerization. Reactions of
cyanides with organic peroxides, organic hydroperoxides, or

REACTIVITY strong oxidizing agents may result in heat and toxic gas
evolution as well as explosion. The NFPA indicates that
violent explosions tocur at 450*C if cyanide salts are melted
with nitrite salt or !a chlorate and further notes that a
mixture of chlorates with cyanides may explode if subjected
to heat, shock, or friction. Fluorine is said to attack
cyanides vigorously' in the cold. Magnesium reacts with
incandescence when heated with cyanides of cadmium,
cobalt, copper, lead, nickel or zinc. Addition of cyanides to
a molten nitrate bath will result in an explosion, as may a
mixture with nitric acid or potassium cyanide (505,511).

0 Physical State: liquid (HCN)
(at 20C) (12)

* Color Colorless (HCN) (12)
PHYSICO- * Odor: Bitter almonds (HCN) (67)

CHEMICAL 0 Odor Threshold 2.000 to 5.000
DATA , ppm (HCN) (67)

* Density: 0.6370 g/mL; (HCN)
(at 20*C) (69)

* Freeze/Melt Point: 13.20*C (HCN) (12)

"7 7 17 =
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0 Boiing Point: 25.70°C (HCN) (12)
* Flash Point- 17.80*C closed cup

(HCN). various salts are not (60,504,
combustible. 506,507)

0 Flammable Limits: 5.60 to 41.00
% by volume; 5.6-6 to 40-41 (HCN); (60,504,
various salts are not combustible. (506,507)

* Autoignition Temp.: 53&0 to 540.0*C
(HCN), various salts are not .(60,504,

PHYSICO- combustible. 506,507)
CHEMICAL o Vapor Pressure: 6.20E+02 mm Hg,

DATA (HCN) (at 2OAC) (67)
' (Cont.) o Satd. Conc. in Air: 9.1878E+05 mgWm3,

(HCN), (calc) (at 20*C). Solubility in Water. miscible (HCN) (12)

* Viscosity. not pertinent
* Surface Tension: not pertinent
0 Log (Octanol-Water
* Partition Coeff.): 0.66
9 Soil Adsorp. Cocft: not pertinent
0 Henry's Law Const.: 1.22E-04

atm. m3/mol (at 25°C) (1426)
o Bioconc. Factor. 7.20E+01

"The cyanide ion is mobile in the soil/ground-water system
PERSISTENCE due to the high solubility of most CN" salts and the lack of
IN THE SOIL- anion retention by soils. At low concentrations however,

WATER the ion is biodegradable by almost all organisms, and in
SYSTEM waters exposed to the atmosphere volatilization losses (as

HCN) are expected to be signiicant.

"/7
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The primary exposure pathway of concern from
soil/ground-water systems is the migration of cyanide to

PATHWAYS ground water drinking water supplies. Exposures
OF through inhalation or the accumulation of cyanide by

EXPOSURE aquatic organisms or domestic animals are not lL-ely to
be siniffant exposure pathw•yL

Signs and Symptoms of Short-term Human Erposure:
(49)
ExpFoure to hydrogen cyanide can result in symptoms
within minutes which are characterized by constriction of
the throat, nausea, vomiting, confusion, giddiness,
staggering, headache, dilat.d pupils, hypotension,
tachycar.ia and hypernea. 7his is followed by dyspnea,
unconsciousness, convulsions and death.
Acute Togdcity Studies:

HEALTH INHALATION:
HAZARD LC% 158 mg/m'. 30 mrin Rat (67)

DATA (HCN value)

ORAL:-
LD* 8.5 mg/kg Mouse (67)

(HCN value)

Long-Term Effects: Fatigue, nausea, headache, and
goiter
Pregnancy/Neonate Data: Malformations at near lethal
leveLs in one study
Genotoxicitv Data: Inadcuate data
Carcinogenicity Classification:
IARC -No data
NTP - No data
EPA - Group D (not classifiable as to human

cacinogenicity)

Handle chemical only with adequate ventilation. Vapor
concentrations up to 50 mg/ml: Supplied-air respirator or
self-contained breathing apparatus 0 Escape: Gas mask

HANDLING with canister providing protection against cyanide
PRECAUTIONS compounds (chin-style or front or back-mounted

(54) canister) with particulate filter or self-contained
breathing apparatus 0 Chemical goggles to prevent
contact with the eyes 0 Protective clothing and rubber
gloves to avoid contact with skin.

7M
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ENVIRONM!ENTAL AND) OCCUPATIONAL STANDARDS AND
CRITEIUA

AIR EXPOSURE LIMIT:

Standards '

* OSHA TWA (8-hr): as CN, 5 mg/m'; STEL (15-mia): as HCN, 5 mg/m'
(skin)

* AFOSH PEL (8-hr TWA): as CN, 5 mg/m'; STEL (15-min): as HCN,
5 mg/r' (skin)

CritenAa
0 NIOSH IDLH (34)-min): Cyanides (as CN) 50 mg/rn'; HCN (as CN) 50

ppm
. NIOSH CL (10-min): Cyanides as CN, 5 mg/mr; HCN as CN, 5 mg/m'
• NIOSH REL: None ct blished
a ACOTH TLV® (8-hr TWA): Cyanides (as CN) 5 mg/mr

(skin); IHCN 10 ppm (ceiling) (skin)
• ACGIH STEL (15-min): None established

WATER EXPOSURE LM : (3742)

Drinking Water Standards
MCLG:. 200/Ag/L (tentative),

EPA Health Advisories and Cancer Risk Levels
The EPA has developed the fofloN'ng Health Advisories which provide
specific advice on the levels of contaminants in drinking water at which
adverse health effects would not be anticipated.

- 1day (child): 200 sgg/L
- 10-day (child): 200 i•g/L
- longer-term (child): 200 /g/L
. longer-term (adult): 800 ,/g/L
- lifetime (adult): 200 /g/L

WHO Drinking Water Guideline
A health-based guideline for drinking water of 10 jig/L is recommended for

cyanide. A daily per capita consumption of two liters of water was assumed.

EPA Ambient Water Quality Criteria
* Human Health (355, 1777)

- Based on ingestion of contaminated water and aquatic organisms, the
criter'on is 200 jg/L (cyanides).

7, '77" 77 "7 :77i i
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
P, CRrTERIA (COnt.)

*Aquatic, Life (355, 1777)
;;;. "PsFreshwater species

Freshwater aquatic organisms and their'uses should not be affected
unaccptably if the 4-day average concentration of cyanide does not
wmeed 5.2 jugtL more than owce every 3 years on the average and
if the one hour average concentration does not exzeex! 22 iAg/L
more than once every 3 years on the average.

. . . . .... Saltwater specie.
Saltwater aquatic organiisms and their uses should not be aiufected
unacceptably if the one hour average concentration of cyanide does
not exceed 1.0 pug,1 more than once every 3 years on the average.

ORAL 2.200E+01 &Ag/kg/day (3744)

REGULATORY STATUS (as of 01-MAR.89)

Promulgated R2hain
0Federal Programns

Hydrogen cyanide, sodium cyardidc, and pot-ssium cyanide are
designated hazardous substances. All have a reportable quantity limit
(RQ) of 4.54 kg (347, 3764). Cyanides are listed at toxic pollutants,

* subject to general pretreatment standards for new and existing sources,
and effluent standards and guidelines (351, 3763). Effluent limitations

V have been set for cyanide ion effluent in the battey manufacturing,
Potcoil coating, aluminum forming, photographic, non- ferrous metals

forming and metal powders, and nonferrous metals manufacturing point
source catec~'ries (1439, 1440, 1441, 1442. 1443, 894). Effluent
limitations hiave been set for total cyan'ide in the pesticide chemicAls,
metal rIMILhing. pha~r a-utial manufacturing, electroplating. inorganic
chemicl mnfacturnng, i.-on ~ind steel manufacturing, organice
chemicals, plastics, and synthetic fibers, and, ferroalloy minufacturing

ffnitations vary depending ý.n the type of plant and industry.

145244,13,W.,85,37)



CYANIDE

Safe Drinldng Water AV, (SDWA)
In states with an approved Underground Injection Control program, a
permit is required for the injection of cyanide.containing wastes
designated as hazardous under RCRA (295).

Resource Conxervation and Recra Act (RCRA)
Hydrogen cyanide, sodium cyanide, potassium cyanide, and other
soluble cyanide sals are identified as acute hazardcus wastes (P063,
P106, P098, P030) and listed as hazardous waste constituents (3783,
3784). Non-specifik sources of cyanide-containing wastes are treatment
sludges and spent solutions from electroplating and metal heat treating
operations, and watewater treatment sludges from the chemical
conversion coating of aluminum (325,3765). Waste streams from the
following industries contain cyanides and are listed as specific sources
of hazardous wastes: inorganic pigments, coking operations, petroleum
refining, and organic chemicals (nitrobenzcne/aniline production) (3774,
3765). Cyanide is on EPA's ground-water monitoring list. EPA
requires that all hazardous waste treatment, storage, and disposal
facilities monitor their ground-water for chemicals on this list when
suspected contaraination is first detected and annually thereafter
(3775). Effective July 8. 1987, it is prohibited to dispose of 5quid
hazardous wastes, including free liquids associated with any solid or
sludge, which contains free cyanides at concentrations greater than or
equal to 1000 mg/L Effective August 8, 1988, underground injection
into deep wells is prohibited. Ceitsin variances exist until May, 1990,
for land and injection well disposal of some wastewaters,
nonwastewaters, and soil for which Best Demonstrated Available
Technology (BDAT') treatment standards have not been promulgated
by EPA (3786).

Comir hmsivc Envi'unmenial Rcuign: Comreimnsation and Liabi',itv
A( (CERCLA)
Cyanides, including hydrogen cyanide are designated hazardous
substances under CERCLA. Tbey have a reportble quantity (RQ)
limit of 4.54 kg. Reportable quantities have also been issuwt for
RCRA hazardous waste streams containing cyanides but these depend
upon the concentrations of the chemicals irt the waste stream (3766).
Sodium. potassium, and hydrogen cyanide are all designated extremely
hazardous substances under SARA Title II Section 302. Any facility
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at which these chemicals are present in exccss of their threshold
planning quantity of 100 pounds must notify state and local emergency
planning officials. If hydrogen cyanide is released from the facility in
excess of its reportable quantity (RQ), local emergency planning
officials must be notified (3766). Under SARA Title MI Section 313,
manufacturers, processors, importers, and users of hydrogen cyanide
muit report annually to EPA and state officials their releases of this
chemical to the environment (3787).

Federal Insecticide. Fungicide and Rodenticide Act (FIFRA)
Tolerances have been established for hydrogen cyanide residues from
post-harvet fumigation. Levels range from 25 to 250 ppm (1448).

Marine rMtection Research and Sanctuarieg Act (MPRSA)
Ocean dumping of organohalogen compounds as well as the dumping
of known or suspected carcinogens, mutagens or teratogens is
prohibited except when they are present as trace contaminants. Permit
applicants are exempt from these regulations if they can demonstrate
that such chemical constituents are non-toxic and non-bioaccumulative
in the marine environment or are rapidly rendered harmless by
physical, chemical or biological processes in the sea (309).

Occupational Saft'e and Health Act (OSHA)
Employee exposure to cyanide (as CN) shall not exceed an 8-hour
time-weighted average (TWA) of 5 mg/m'. For hydiogen cyanide an
employee's 15-minute short-term exposure limit (STEL) of 5 mg/m'
shall not be exceeded at any time during the work day. An employee's
skin exposure to hydrogen cyanide shahl be prevented/reducd through
the use of protective clothing and practices (3539).

Hazardous Materials Tran•_ •.i.on.Act (HMTA)
The Department of Transportation has designated cyanide solutions
and anhydrous stabilized hydrogen cyanide as hazardous materials with
reportable quantities of 4.54 kg, subject to requirements for packaging.
labeling and transportation (3180).
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E IDocLn ajnd C.smetic Act (FDCA)
The foWowing tolerances have been established for residues of
hydrogen cyanide:

- 125 ppm in cereal flours;
- 90 ppm in cereals that are cooked before being eaten;
- 50 ppm in uncooked hmn, tcon and sausage;
- 200 ppm in cocoa (1395).

Consumer Product Safety Act (Ct ,A)
Under the Federal Hazardous Substances Act, products containing
soluble cyanide salts have beea banned. Excluded frow this regulation
are unavoidable manufacturing residues of cyanide salts in other
chemicals that under reasonable and foreseeable corditions of ,z-e will
not result in a concentration of cyanide greater than 25 ppm (.236).

0 State Water Programs
.LSTIAITES

All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Exposure Limits saction) as their promulgated
sta'c regulations, either by narrative reference or by relting the
snecific numeric criteria. These states have promulgated additional or
more stringent criteria:

California has a drinking water quality standard of 200 jg/L for
Municipal Regions 1, 2, 5, and 8, and three surface water quality
standards: 20 14g/L for Ocean Plan waters, 5.2 1 g/L for Region 2
waters for the protection of freshwater life, and 5 ;g/L
(one-hour-average) for Region 2 waters for the protection of marine
life (31097).

CONN•ECTM
Connecticut has an MCL of 0.2 mg/L for drinking water (3137).

PLQBOMA
Florida has a water quality criterion of 5 jug/L for all classes of surface
water (3220).

Illinois has a finished water quality standard of 0.2 mg/L (3322).

12wA
Iowa has water quality standards of 5 jig/L for Class B (wildlife
aquatic) waters and 20 jug/L for Class C (drinking) waters (3327).

KAMMt•
Kansas has an action level of 154 1g/L for ground-water (3213).

II
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New York has a ground-water quality standard of 0.2 mg/L and a
water quality criterion of 0.1 mg/L for surface waters used for
drinking water supplies (3500).

NORTH DAKOTA
North Dakota has a surface water quality standard of 0.1 mg/L for
OasIIM streams (3512).

UTH DAKA
South Dakota has a water quality standard of 0.75 mg/L for ground-
water (3671).

TEXAS,

Texas has the following surface water quality criteria for the
protection of aquatic life: 45.78 ug/L (fresh acute), 10.69 jug/L
(fresh chronic), 5.6 ;;g/L (marine acute and chronic) (3112).

VEIMQO
Vermont has a preventive action limit of 77 ug/L and an
enforcement standard of 154 ;g/L for ground-water (3682).

WISCONSI

Wisconsin has a human threshold criterion of 0.6 mg/L for
PublicWater Supply surface waters (3842). Wtsconsn also has a
preventive action limit of 40 Ag/L and an enforcement standard of
200 utg/L for ground-water (3840).

P roosed Ret-la:ions
* Federal Programs

Safe Drinkinz Water A&t (SDWA)
Under the National Primary Drinking Water Regulations, EPA will
propose Mr'"s and MCLGs for cyanide in drirnking water in March,
1990, with final promulgation planned for March, 1991 (351).

Resource Consrvation and Reroverv Act (RCRA)
EPA has proposed BDAT treatment standards for certain cyanide
wastewaters and nonwastewaters. Final promulgation is expected in
June, 1989 (3795). EPA has proposed listing as hazardous, mixtures
of acutely toxic wastessuch as hydrogen cyanide (1396).
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0 State Water Programs

Most states are in the process of revising their water programs and
proposing changes in their regulations which will follow EPA's changes
when they become final. Contact with the state officer is advised.
Changes are expectzd in 1989-90 (3683).

11T TNOISq

Illinois has proposed general use water quality standards: 22 Ag/L
acute standard, 5.2 pg/L chronic standard (3321).

Iowa has proposed acute c:iteria of 20 ug/L for Class B (cold water
aquatic) waters and Class C (drinking) waters and 45 pg.&L for all other
Class B waters. Iowa has also proposed chronic criteria of 5 ug/L for
Class B (cold water aquatic) waters and 10 Aig/L for all other Class B
waters. These criteria are for the protection of aquatic life (3326).

Minnesota has proposed a Recommended Allowable Limit (RAL) of
154 1;g/L for cyanide in drinking water (3451). Minnesota has also
proposed a Sensitive Acute Limit (SAL) of 45 pg/L for designated
surfarz waters, and a chronic criterion of 154 AgfL for ground-water,
for the protection of human health (3452).

S.. II iII
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Directive on Drinidns! Water (533)
The mandatory values for cyanide in surface water treatment categories
Al, A2 or A3 are 0.05 mg/L There are no guideline values.

Directive Relating to the Quality of Water for Human Cou mption

Themaximum admissible concentration for cyanides is g/. The total
maximum allowable concentration is 50/pg/i.

Directive on Major Accident Hazards of Certain Industrial Activities
(1794)
Hydrogen cyanide manufacturers are required to notify competent
authorities if it is stored or processed in quantities in excess of 20 ton--.
If a major accident occurs, authorities must be provided with the
circumstances of the accident, substances involved, emergency measures
taken, and the data available for assessing the effects on man and the
environment.

Directive on the Anuroximation of the Laws. Reulation d.and
Administrative Provisions Relating to the Cassification. Packaging and
Labeling of Dangerous Prenaratiomj (3991)
The labels on packages containing preparations classified as very toxic,
toxic or corrosive must bear the safety advise S1/S2 and 546 in addition
to the specific -afety advice. If it is physically impossible to give such
information, the package must be accompanied by precise and easily
understood instructions.

EEC Diretives - Proposed
Provosal for a Council Directive on the Dumping of Waste at Sea
(1793)
EEC has proposed that the dumping of cyanides at sea be forbidden
without prior issue of a special permit.

Resolution on a Revised List of Second-Category Pollutants (545)
Cyanide is one of the second-category pollutants to be studied by the
Commission in the programme of action of the European Communities
on Environment in order to reduce pollution and nuisances in the air
and water. Risk to human health and the environment, limits of
pollutant levels in the environment, and determination of quality
standards to be applied will be assessed.
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56.1 MAJOR USES

Cyanide (CN') usually occurs as hydrocyanic acid (HCN) and its salts. The annual
U.S. consumption of HCN in 1983 was 947 million pounds (nap). The major end use
of HCN in the U.S. in 1983 was in the production of adiponitrile (461 rap) and
acetone cyanhydrin (282 mp), followed by cyanuric chloride (63 mp), sodium cyanide
(44 mp), chelating agents (35 rap), nitrilotriacetic acid and salts (20 mp), and other
uses (44 mp) (3242). Other major industrial uses of cyanides are in electroplating,
photography, extraction of precious metals, case hardening of steels, and fumigation
(1781).

56.2 ENVIRONMEINTAL FATE AND EXPOSURE PATHWAYS

56.2.1 Tramport in SoilGroundwatcr Systems

56.2.1.1 Overview

The cyanide ion (CN) is expected to be relatively mobile in the soil/groundwater
system when present at low dissolved concentrations. Bulk quantities of solutions
containing the ion (e.g., from a spill or improper waste disposal) could be transported
down through the unsaturated zone. However, as described below, at low
concentrations and under aerobic conditions, cyanide is susceptible to biodegradation.

The cyanide ion acts as a weak base in solution, comparable in strength to
ammonia. Its conjugate acid, HCN, has a pKa of 9.21 (25M, zero ionic strength)
(1704). This means that at pH 7.21, 99% of CN" will be protonated and in waters of
environmental concern (pH <7), cyanide will exist mostly as HCN.

Transport pathways for the cyanide ion cannot be assessed as they are for
organic species by using an equilibrium partitioning model. These models are based
on the sorption and volatilization of n'nionizled, neutral organic chemicals, and thus
are not applicable to individual inorganic ions (or their parent salts).

Metallic cyanides such as AgCN, CuCN and Zn(CN)2 are used commercially for
electroplating their respective metal cation. Sodium and potassium cyanides are also
used in plating solutions to increase the solubility of transition metal cyanides.
Ferrocyanides and iron blue (a complex ferrocyanide salt) are added to road salts to
prevent caking (1423), and thereby enter sewers and deposit on roadsides.

A review of the environmental effects of cyanide can be found in reference 1623,
whiL its chemistry and uses are descri'bed in reference 1423.

S ,iAiI I I
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56.2.L2 Sorpion on Sois

As an anion, the cyanide ion is expected to be only weakly retained by soils.
Hydrogen cyanide is not strongly partitioned to suspended matter or sediments, due
primarily to its high solubility in water (10). Cyanide salts tend to be highly soluble
as well exceptions being AgCN (pKv - 15.66), Hg (CN)1 (plX - 39.3) (1704) and
Zn(CNý (pYC. = 15.9) (1424). Since neither silver, mercury nor zinc is present in
significant concentrations in the soil/groundwater environment, they will not control
cyanide solubility, and precipitation of the cyanide salts from groundwater can be
expected to be insigicant.

The mobility of the cyanide ion in several soils (applied as KCN in deionized
water) was studied by Fuller (1425). It was Zound to be most easily leached from a
soil having a high pH and high free CaCO, concentration, although an acid so;' .,4
almost as poor retention. The ion was found to be most strongly held by so-.- !aving
a high concentration of Mn and hydrous oxides of Fe. In landfill leacha,'#, CN"
mobility consistently increased with decrezsing soil pH. In general, CN', whose
sorption behavior is similar to that of Ca, is very mobile in soils, with, enhanced
mobility in soils of low pH, low concentration of free iron oxides. and containiag little
kaolin, chlorite, and gibbsite.type clays (high positive charges) (1425).

Oyanice complexed as Fe(CN)g' (which, as described 'gl-ow, can form in soil) was
also found to be very mobile in soil, with high pH and Wgh free CaCO3 enhancing its
mobility (1425). Potassium cyanide added to landfill leachate was found to be less
mobile than either Fe(CN),"3 or CN" in deionized water due to the precipitation of
iron blue.

Sorption isotherm data for CN', like otter mobile anions, are not available in the
literature. In any case, the sorption behavior will depend upon the composition of
the soiL

56.21.3 VoLatilization from Soas

The cyanide ion is non-volatile. However, the weakness of HCN as an acid
indicates that HCN will predominate over CN" in solutions of pH up to about 9, and
HCN is moderately volatile. It has a vapor pressure of 741 mm Hg at 25*C (14), and
its Henry's law constant, H, has been given as a function of temperature, T, for HCN
concentrations ranging from 0.01 to 0.5 M and temperatures from 20-95*C as (1426).

log H 1272-9 + 6.238
T

where H is in mm Hgimoles/L and T in degrees Kelvin.
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The volatilzation of HCN has been found to be relatively rapid, with a half-life
of HCN in natural water samples (8 liters in battery jars left outdoors in Minnesota)
of roughly 10-50 hours (10). Thus, the volatilization of HCN can be expected to be
an important los-pathway for CN in solutions exposed to the atmosphere.

The principal sinks of HCN in the atmosphere are attack by UV photons in the
stratosphere and complicated and unresolved reactions with atmospheric OH and
O(1D) (3129). Precipitation appears to be a negligible sink since the equilibrium
concentration of HCN in water is very low at low partial pressures. Its atmospheric
residence time has been calculated by the authors to be 2.5 y (range 1-5 y). This is
in contrast with the surmise 'Physi-al transfer mechanisms, such as wet and dry
deposition, may dominate the fate of cyanide in the atmosphere' (3739).

5671. Transformation Processes in SoillUroundwater Systems

The cyanide ion undergoes a number of transformations in water. I-lydrolysis
rate constants for CN" using sodium cyanide, potassium ferricyanide, and cuprous
cyanide in sterilized river water at pH 7-8 were found to be 0.002/hr and 0.0033/hr at
10 and 23*C, respectively (1423). These quasi first-order rate constants correspond to
half-lives of approximately 15 and 9 days at 10rC and 23°C, respectively. Earlier
studies have found HCN hydrolysis to be extremely slow except under, very acidic
conditions, with a half-life of over a year under alkaline conditions, at 33°C (10).
The cyanide ion forms complexas of varying stability with a number of metal ions,
especially those of zinc, cadmium, mercury, and the transition metals. Under
environmental conditions, the most important of these complexes are Fe(CN),4 and
Fe(CN), with overall equilibrium constants of formation of I0"' and 10',
respectively (1704).

The formation of cyanide complexes removes free CN" from solution, thereby
increasing the dissociation of HCN to maintain the equilibrium ± between HCN and
free CN" and H*. It also increases the mobility of the + metal ion to which it is
complexed, Zn"2 for example (1617), by preventing the sorptions of the metal to
clays.

Iron cyanide complexes are cocsidered stable, but susceptible to photo-
decomposition by sunlight, releasing free CN as they dissociate, but possibly
reforming at nigl 1 (982). The rate of photodegradation has been found to be rapid;
Broderius and Smith (1401) report mid-day half-lives (in St. Paul, Minnesota in
surface waters under full sunlight conditions) of 20 to 50 minutes for 100 gg CN'/L of
hexacyanotferrate (I1) solutions and 60 to 160 minutes for 100 jug CN'/L of
hexacyanoferrate (III) solutions, depending on the time of year.

The hexacyanoferrate III ion complex has been found by Chcrryholmes et al.
(1620) to undergo biological dissociation in the dark, releasing free CN'. A 3293

mg/L KyFe(CN), solution prepared with sterilized and inoculated water showed a free
CN" concentration of 1460 gg/L within 25 days compared to only 16 Asg/L for the

,.p
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control (not inoculated); with a larger bacterial population, a free CN" concentration
of 3952 pg/L was achieved during the same period.

h erate of cyanide complexation with iron has been found to be very slow for
free CN concentrations less than 3 mgl., and even at an initial CN" concentration of
10 mg/L (and CNIFe - I at 23C) the reaction rate was less than 0.01 mg/L hr
(1423). Thus, CN" formed by photodegradation or biodegradation will tend to remain
a CN or HCN.

The cyanide ion, itself, has been found to undergo oxidation to CNO" in the
presence of titanium dioxide powder and sunlight (1618). Quartz sample tubes
containing I mmol/L CN exposed to sunlight for two days showed over 99% removal
when TiO2 was present, but almost no removal (<1%) in the absence of TiO2. It can
also be oxidized to CNO" during chlorination of water supplies under alkaline
conditions (3736).

Both hydrogen cyanide and metallocyanide complexes are susceptible to
biodegradation by almo3t all microorganisms (10). Cyanide has been found to be
degraded in aerobic microbial systems (1619, 1622) such as are found in sewage
t-atment plants, although volatilization can be an important loss pathway in these
plants as well (1619). Other lower species such as the mucoraceous fungus
R s orzae have been found to degrade cyanides (1621) as can higher plants, and
animals

The rate of biodegradation is dependent upon environmental conditions such as
temperature and the concentrations of microorganikms and cyanide. Half-lives for
cyanide biodegradation in river water spiked with NaCN and acclimated micro-
organisms were found to range from 10 and 60 hours (1423).

At high cyanide concentrations and under aerobic conditions, cyanide toxicity
inhibits microbial growth until the microorganisms become acclimated. Under
anaerobic conditions, biodegradation may hardly occur since anacrobics are very
sensitive to high cyanide concentrations. A limit of 2 mg/L of cyanide has been
reported for effective anaerobic degradation (1425).

A combination of hot alkali digestion and chemical coagulation followed by a
two-stage biological extzrnded aeration system can reduce the cyanide level in waste
from acrylonitrile plants 85-90 percent (3151).

6.23 Primary Routon of Expor fromc S roudMter Syutems

The above discussion of fate pathways suggests that the mobility and potential
exposure to cyanide is somewhat dependent on the environmental conditions. The
cyanide :on is considered to be non-volatile, although HCN is highly volatile. Most
forms of cyanide are expected to be relatively mobile in soil/groundwater systems.
Cyanide is expected to have a low potential for bioaccumulation, as it can be
metabolized. These fate characteristics suggest several potential exposure pathways.
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Volatilization of cyanide from a disposal site is not likely to represent an
important exposure pathway under most conditions. At lower pH values, the
volatilization of HCN may represent an important exposure pathway.

Drinking water contamination resulting from the migration of cyanide is likely tooccur, although it is susept'ible to both chemical and biological degradation. Mitre

(83) reported that cyanide salts have been found at 29 of the 546 National Priority
List sites. It was detected at 17 sites in groundwatcr, 15 sites in surface water, and 2
sites in air. These data indicate that cyanide is mobile in soil systems and
groundwater contamination may result.

The disposal of cyanide is still a problem in many industries as indicated in
recent reports: (1) The U.S. Environmental Protertion Agency has succsfully
prosecuted the ARMCO Steen Company for discharging cyanide-laden effluents into
the Houston shipping channels (3829); (2) J.C. Rhodes, Division of the USM
Corporation has been indicted under the Clean Water Act for discharging 44,000
gallons of untreated wastewater (presumably containing cyanide since it involves
electroplating and metal finishing operation) into the New Bedford Harbor (3708);r
(3) seventeen Michigan firmx including General Motors, Chrysler Corporation, and
Ford Motor Company have agreed to pay S.i5 million for discharging industrial solid
wastes including cyanide (3709). The movement of cyanide in groundwater may result
in discharges to surface waters. As a result, ingestion xposures may occur through
the use of surface waters as drinking water supplies, and dermal exposures may result
from the recreational use of surface waters. The bioaccumulation of cyanide by
domestic animals or fish frcm surface waters is not expected to be an important
exposure pathway as cyanide has a low potential for bioaccumulation and may be
degraded in surface waters.

56.2-4 Other Sourcs of Human Exposure

Hydrogen cyanide is ubiquitous in nature arising from both natural and
anthropogenic sources. Its presence in the atmosphere was first detected by Coffey
et al. (3132) and confirmed by others (3596, 3100). According to Cicerone and
Zellner (3129) HCN is present in the stratosphere and the northern hemisphere's
non-urban troposphere at 'he 150-170 ppt leveL To maintain the atmospheric burden
of HCN at this level, it has been calculated that about 2E+11 g of nitrogen as HCN
is required. The issue of whether atmospheric HCN is mostly natural or
anthropogenic is still unresolved. Contrnbution from jet aircraft, volcanoes, lightning,
and automotive emissions to the atmospheric burden of HCN is probably negligible.
Cyanide has been reported to be a normal constituent of human blood, usually
present at concentrations below 12 umolar (3668).

Inhalation of cyanide may result from a variety of sources. It is produced in fires
from burning urethanes, acrylonitriles, or polyamides in plastics. A survey of fire
deaths in Glasgow showed toxic levels of CN in 31 percent of the cases. It has been
suggested that more lives might be sa-ved if a cyanide antidote were administered to
unconscious victims by fire and ambulance crews (3116). However, doubts about the

/
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efiac of this treatment have been reported (3117). It is also released in
automobile emissions (1423). Probably the most important source of exposure,
however, is in cigarette smoke. Smokers may be cxped to from 0.01-40 mg/day in
mainstream smoke depending on the type of cigarette smoked, the amount inhaled,
and the number of cigarettes smoked (1423).

Although cyanide has been used in this country extersively, other sources of
exposure appear to be limited. Cyanogenic glycosides are naturally occurring in some
plant species and produce HCN upon hydrolysis (1423). The ADI of cyanide from
food has been %et at 3.5 mg/day for a 70-kg adult male by the Food and Agriculture
Association/World Health Organization (3813). The cyanide in soybean meal or
soybean products (0.1 to 1.5 mg/kg) in the diet is the major iource of dietary
ezposure to the general population in the U.S. The daily intake of cyanide has been
calculated to be 0.3 to 4.5 mg/person/day assuming a consumption of <3 g/person/day
in the U.S. (1419). Both HCN and Ca(CN)2 are registered as fumigants and
tolerances have been established for these uses on some grains, citrus fruits, nuts,
cucumbers, lettuce, radishes and tomatoes (1604). The extent to which cyanide is
actually found in these foods is unknown.

Although cyan'ie has been found in groundwater, the prevalence 'and levels of
cyanide in drinking water are low (1419). A survey of 969 water supplies in 1970
showed an average concentration 0.09 jug/L and a maximum concentration of 8 Ag/L
(1419). Apparently, no nationwide monitoring for cyanide has taken place since that
time.

56.3 HUMAN HEALTH CONSIDERATIONS

5•63 Animal Studia

563.L1 Carcinoxigety

No definitive data on the carcinogenicity of cyanide are available. Rats fed a
diet fumigated with 300 ug/L HCN exhibited no indications of any carcinogenic effect
after two years (1781). However, dietary levels varied and histopathology was
conducted only for a limited number of animals. Therefore, no definitive conclusion
can be drawn regarding the carcinogenicity of HCN. An early eqperiment by Perry
(1687) found that prolonged inhalation of cyanide arrested body growth in young rats
and retarded the growth of Jensen sarcoma implants. However, the effective dose
(not specified) was concluded to be too close to the lethal dose to be practical.

5&3.L2 Gewtozity

Only a few studies on the genotoxic effects of cyanide have been reported, most
of them negative. Kushi et aL (3384) demonstrated that HCN was mutagenic in
strain TA100 of Salmonella typhimurium without metabolic activation, but not with
S9, while strain TA98 in this study was not induced to revert with or without

C'. I -~~.K.
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metabolic activation. Other investigators using Escherichia coli and as many as seven
straim in the Salmonella/microsome assay did not observe a genotoxic effect with
another cyunide selt, potassium cyanide (3159, 3158). Owais et at. using strain
TA1530, did not observe any genotoxic effects of sodium cyanide or its metabolites
(3990). Cyanide inhlibits DNA binding of genotoxicants, and Bodenner et al. were
able to show that sodium cyanide reverses the crosslinking of DNA in cells previously
treated with cisplatin (3072). 71-ae3 data on the mutagenicity of cyanide are
inadequate to asess the mutagenic potential of canide.

56-.3.3 T atogenicity, i and Rexictivc Effects

rhe teratogenic potential of sodium cyanide was evaluated in the golden harmster
by Doherty et &L (1782). Cyanide was administered continuously by slow infusion at
a rate of 0, 0.126, 0.1275 or 0.1295 mmol/kg/hr on gestational days 6,through 9. A
total dose equivalent to 30-40 times the acute sc LD,. dose was administered. A high
incidence of malformalions and resorptions were observed in ,offspring of all treat-

.ment groups with neural tube defects consisting of exencephaly (brain outside skull)
and encephalocoele (hernia of the brain) being the most common. Hydropericardium
and crooked tail were also observed, but to a lesser extenL Fetal crown rump length
was also decreased. Admi, bIstration of cyanide and sodium thiocyanate simultaneously
protected against boah the toxic and teratogenic effects of sodium cyanide. The
signifcance of these findings in view of the high level, continuous exposure is unclear,
and preclude extrapolation to human exposure situations.

In another Syrian Golden hamster study, Frakes et al. (3226) exposed females to
cyanogenic glycosides through diets containing cassavid meaL The low cyanide cassava
contained approximately 0.6 mmolikg and the high cyanide cassava approximately 7.9
mmolikg (600 ppm) of cyanide. These diets were fed on days 3-14 of gestation.
CQassav fed dams gained less weight than the controls. The offsprings showed
reduced fetal weight and reduced ossification. The high cyanide diet was associated
with a :ignificant increase in the number of runts compared to the low protein
control group. Olusi ct al. observed that adult female rats fed diets containing 5 or
10 g/100 g of laboratory feed for two weeks or more beiore mating nev-.r became
pregnant (3536). When females were given a diet of raw cassava (containing
0.36-2.5% hydrogen cyanide) only 4 of 10 exposed females became pregnant. The
average litter size (5 vs. 6 for controls) and birth weight (5 vs. 7.5 g) was also
reduced with this treatment. Kreutler et al (1786) reportrd no indications of adverse
effects in rat pups born to dams administered 160 Ag tkiocyanate(SCN)/mL in their
drinking water (approx 6.4 mg SCN/rat/day), beginning on day 2 of pregnancy.

Pregnant sheep were exposed by gavage to increasingly frequent doses of
potassium cyanide fcr 135 days in a study by Rudert and Lewis (3605). The doses
started at 155 mg/dose once a day and in-reased to a maximum of 105 mg/dose nine
times a day. When ewes showed toxici:y at 155 mg/dose 4 times a day, dosing was
changed to 105 mg/dose 6 times daily. One ewe died after 945 mg KCN had be-.n
administer for 22 days. Although the mean birth weight and growth rate of the
exposed lambs did not differ from those of the controls, nearly 70% developed
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symptoms of nutritional muscle degeneration (NM) and usually died within 7 days
After showing symptoms. This condition was observed in only one control lamb that
developed NM but reccvered after 14 days.

56-3.1.4 Other Tazicooic Effects

563.1A1 Sbort-erm Tcmicity

Death due to cyanide poiwning is attnributed to an interference with the
cytochrore oxie.ase system which :,revents oxygen from reaching vital tissues resulting
in tissue hypoxis and death. The oral LD, value for HCN in the mouse is 8.5 mg/kg
(67) while the " in the rat is 142 ppm (HCN) for 30 minutes (67). Once
absorbed, cyanide readily reacts with the trivalent iron of cytochrome oxidase in
mitochondria. Respira'ion is stimulated in an attempt to bring oxygen to the tissue.
A transient state of CNS stimulation with hyperpnea occurs. Hypoxic convulsions and
death due to respiratory arrest result if treatment is not rapidly administered (16).

Inhalation of cyanide. can lead to rapid acute toxicity and death (1691, 1684).
Sato (1691) placed groups cf 10 mice in airtight chambers containing HCN gas in
various concentrations. At 20 ppm, approximately 20% of the mice died after 4.5
hour Death also occurred after h. hours in the 15 pore exposed group. Mobility
became hindered and respiration was labored when mice were exposed to 10 ppm for
2 hours. And, at 5 ppm, a marked decrease in food ntake was observed.

Haymaker et aL (1684) exposed six dogs to 165, 590, 620, 690, 700, Pnd 7J0
mg/m' for 10, 2, 2, 2, 1.75 and 1.75 minutes. respectively. Four of the six dogs had
convulsive seizures. Autopsy of the dog exposed to 620 mg/m' for 2 minutes revealed
marked proliferation of hittiocytes in the leptomeninges (membranes covering the
brain) and in the perivascular spaces of the molecular layer of the cerebellum.
Purkinje cells were barely visible. Some of the dogs suffered necrosis cf gray matter.
It is unclear if these lesions are related directly to cyaride, thiocyanate or general
cytotoxic anoxia.

Cyanide is aLwo readily absorbed through the skin. Guinea pigs, with their
abdomes shaved, were fastened belly side down to a board with a one inch diameter
circle through which the abdomen was exposed to 97% HCN vapor.' Only
percutaneous absorption was permitted. Within a fev minutes. rapid respiration
followed by twitching of muscles, convulsions, and death was observed (1692).

Vick and Froehlick (1456) have suggested that early death due to cyanide
poisoning is due in part to cardiovascular-respiratory failure in addition to a block of
the cytochrome oxidase system. This conclusion was based on the observation in dogs
that artificial respiration with or without 100% oxygen was ineffective and treatment
with Amyt nitrite did not produce any appreciable increase in methemoglobin untilIafter restoration of cardiovascular function.
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Johnson et al (1682) investigated the effect of cyanide on the accumulation of
calcium in the brain and the relationship of changes in brain calcium levels to the
CNS-mediated signs of toxicity. Male Swiss-Webster mice w~re subcutaneously
injected with 10 mg/k potassium cyanide. A significant decrease in ,.hole-brain total
calcium was seen within 5 minutes of the injection, which was followed by a
significant increase within 15 minutes. The cyanide-induced rise in brain calcium
levels corresponded to the induction of tremors. Subtremor doses (0.5-7 mg/kg KCN)
were ineffective in altering the whole-brain total calcium concentrations. The initial
drop in whole-brain calcium levels during the first 5 minutes of the study was thought

S'ii to be due to a cyanide-induced release of calcium from intra-cellular organelles. The
sudden increase in whole-brain total calcium within 15 minutes suggested that calcium
accumulation occurred.

56.3.1.4.2 Chronic Toxicity

"Howard and Haazal (1781) conducted a 2-year-feeding study to determine
chronic effects of cyanide in rats. Groups of 10 male and 10 female Carmworth Farm
rats were fed a diet fumigated with 0, 100, or 300 ppm hydrogen cyanide. The level
of exposure, however, varied throughout the study and may have dropped to 80 ppm
at intervals. No signs of toxicity were noted. Fjod consumption, growth rate, and
survival of the treated animals were comparable with the controls. No pathological
or histological abnormalities were observed in a representative number of rats that
were examined. Elevated thiocyanate levels were noted in the plasma, liver and
kidney of the cyankde treated rats at termination. In view of the limited data and the
uncertainties with regard to exact dosage, the only conclusion that caz, be drawn is
that 80 to 300 ppm HCN in the diet presenktd 'no apparent hazard to rats.

,Hertting et al. (1689) rdministered 0.5 to 2 mg/kg sodium cyanide to dogs once
or twice a day for 15 months. Acute toxic signs were vsually observed following
ingestion with complete recovery occurring within half an hour. No evidence of
physiological changes in organ function or permanent alterations in intermediary
metabolism were observed.

Beagle dogs were fed 150 ppm sodium cyanide in the diet for 30 days with no
effect on food consumption, hematologic parameters, behavioral characteristics or
microscopic changes in organs or tissues (1690). These data indicate that substantial
but sublethal doses of cyanide can be tolerated for long periods of time without any
permanent damage.

Occasionally blindness has been reported in ,-yinide irtoxicated laboratory
animals due to optic tract demyclination. Lessell (1680) injected rats subcutaneomsly
with increasing d-ses of sodium cyanide (0.4-1.7 mg1lO g) three times a week for 3
months. Seventy percent of the treated rats devt!op..d deaiyelinative and necrotic
lesions in the corpus callosum and 20)% of tikc tnimaU had lesions in the optic nerve.
All rats with a demyclinative optic neurop.,thy haJ a marked corpus callosal lesion.
The vilnerabi'ity of both these tracts is most likely due to the low cytochrome
oxidase levels in these tisducs. Impairment of this already lowv level by cyanide results



CYANIDE 56-21

in histotoxic anoxia and the observed damage to the corpus callosal and the optic
nerve

563.2 Human and Epidmiolog Studies

56.3a2. Slwrt-tm Toxicologic Effects

Physiological responses of various animals and humans exposed to varying
concentration of HCN vapor have been reported (3482). Relative sensitivity of
various animals to HCN vapor has been found to be: dog > mouse, cat, rabbit > rat,
guinea pig > goat, monkey. Humans are thought to be similar to goats and monkeys
in their susceptibility of HCN vapor. Acute intoxication from HCN results in a sense
of suffocation, tach)rardia with palpitations, vertigo, buzzir,3 in the ear, headache,
epigastric burning, vomiting, general weakness, tremors, ý..nso"y obtusion, dyspnea and
loss of consciousness (1683). Cyanide binds to metallic %.ofactors and inhibits 42
enzyme systems with cytochrome oxidase being especially sensitive; concentration of
3.3E-8 moles/mL of cyanide completely inhibits cytochrome oxidase (1423).

Cyanide is a fast-acting poison which can be inhaled, ingested and/or absorbed
through the skin (1683). The human lethal dose of ingested HCN is believed to be
50-90 mg; this corresponds to about I mg/kg for a 70-kg person. The Vxicity of
cyanide ralts is somewhat lower because of slower absorption, Le., 200-250 mg or
about 3 mg/kg for 70-kg man (1423). Death may be delayed for an hour. The
LCtO's (mg/m3/min) for man have been estimated by McNamara (3441) using the
relationship, Man LCtI - 4 X Mouse LCt5O at various exposure times: 2032 (0.5
min), 3404 (1 min), 4400 (3 min), 6072 (10 min), 20,632 (30 min).

Recoveries, however, from ingestion of up to 3-5 g KCN without therapy and up
to 6 g KCN with therapy have been documented (1423, 1799, 1675). Results of oral
intoxication with cyanide, however, must be interpreted with caution in that the
presence of food in the digestive tract may retard absorption.

Cyanide is also readily absorbed through the skin and can be fatal by this route.
Raestrup (1784) descn'bed a case in which a man accidentally dropped fused KCN
into a puddle of water. The water-cyanide solution splashed into his face and he
immediately lost consciousness. He died 3 hou.s later. Muller-Hess (1677) also
reported a fatal accident in which a worker was splashed on the head and shoulders
with an 80% NaCN solution. He died in less than one hour.

Numerous cases of acute c-anide intoxication via inhalation have been cited in
the literature (1423, 1683, 1688). Inhalation of HCN concentrations above 90 ig/L
(-100 mg/m) is lethal in humans (1423).

Three men in protective masks, but no additional protective clothing, entered a
2% HCN atmosphere. All 3 men were overcome in 8 to 10 minutes but managed to
escape before they collapsed- :rjptoms of acute cyanide exposure were manifested
followed by complete recovey within 3 days (1676).
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Wexler et aL (1695) examined the cardiac function of fcur men executed by
HCN inhalation (concentrations not reported). Within the first three minutes of
exposure, all subjects had a marked decrease in heart rate accompanied l sinus
irregularity and the complete disappearance of P waves. All subjects shoved A-V
dissociation with a secondary decrease in rates during the fifth minute. Ieath
occurred by 13 to 14 minutes. These data indicate that cyanide exerts n• specific
effect on the myocardium but induces effects typical of hypoxia. Recently Bonsall
(3075) reported a case of human survval without sequelae following exposure to 500
mg/rn of HCN for 6 minutes. This is not surprising since McNamara (41)
suggested that an exposure to 607 mngm' for 10 minutes could be survived by 50
percent humans (3062).

56.322 Chrock Tanicologic Effects

Few reports of ill effects associated with long-term exposure to siai quantities
of cyanide are cited in the literature. Some investigators (1693, 1683) hive observed
weakness, vertigo, nausea, rapid pulse, headache, flushing of the face and gastric
distress in individuals suspected of having chronic cyanide poisoning.

A goldsmith apprentice suspected of having chronic cyanide toxicity •as described
by Sandberg (1783). Five months after returning from a 13-month leave of absence,
the individual developed headache, general malaise, paresis of the left ar"n and left
leg, grey skin, dilated left pupil, blindness in the left half of the visual ficld, and an
altered EEG showing diffuse frontal theta activity. It was revealed that ýn addition to
dermal exposure from the 1.5% aqueous KCN solution used to clean the gold, the
man inhaled HCN which evolved from the solution when heated. Blood analysis
showed CN levels at 10-12 ug/100 mL All symptoms disappeared within 4 months
and blood CN levels dropped to 2-3 ug/mL

Permanent disability resulting from chronic dermal exposure to cyanide was
reported by Collins and Martland (1686). Cybnide was absorbed through the skin of
a 38-year-old hotel worker who polished silver for 2 years by dropping the silver into
KCN solution and wiping it off without glo-es. The workers hands and arms turned
a brownish-red and his fngernails turned black. Itching, diarrhea, headahe, pain and
stiffness in the back, weakness in the arms ana legs and urine retention developed.
Eventually, clinical manifestatioas resembling acute anterior poliomyelitis developed.
After six months of incapacitation, the patient could walk with braces ar3d crutches.
The role of cyanide in this case remains unclear.

Chronic cyanide toxicity bear a striking similarity to thiocyanate into ication, and
it has been suggested that the symptoms ascribed to chronic cyanide poisoning may,
in fac., be due to the toxicity of its metabolic product, thiocyanate. Heavy smoking
and eating cabbage-type vegetables can exacerbate the symptoms of occupational
cyanide exposure due to additional formation of thiox",yanate (1683).
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Wuthrich (1693) described a clinical case involving a man exposed sporadically to
cyanide vapor for six years. Symptoms included lon of appetite, nervousvess, vertigo,
headache, nausea and vomiting. After ex;osure to cyanide had ceased for 14 days,
the patient was given a placebo of NaCL iv, for 3 days. The man's condition
improved dramatically. On the fourth day, 1.4 g of sodium thiocyanate was
substituted for the NaCI injection. Nausea, lack of appetite and nervousness
returned. After 3 days of sodium thiocyanate injections, the man's condition
worw.ned and he stated that he felt exactly as he had in his work place. Injections
with NaCl resulted in the disappearance of symptoms within 2 days.

Aa incr-,ased urinary excretion of thiocyanate was observed in case hardeners
exposed to 4-6 ppm cyanide vapor and possibly to cyanide salts over the years (1694).
No signs of toxicity were reported. However, El Ghawabi et al. (1696) reported 20
cases of mild to moderate thyroid enlargement among 36 maie electroplating workers
exposed to an average of 6.5-10.4 ppm cyanide for up to 15 years. Blood
thiocyanates resulting from chronic cyanide exnosure compete with iodide for uptake
by the thyroid glard resulting in the appearance of goiters.

Chronic cyanide toxicity has been implicated in various neuropathic disorders.
These diseases include Nigerian nutritional neuropathy, Leber's optical atrophy,
retrobulbar neuritis; pernicious anemia, cretinism and ataxic tropical neuropathy. A
common contributing factor found in each of these conditions was a diet high in
cyanogenic glycosides (1683).

5633 Iels of Comzrn

The USEPA (355) has established an ambient water quality criterion for cyanides
of 200 ug/L for the protection of human health from the toxic properties of cyanide
ingested through water and contaminated aquatic organisms.

For noncarcinogenic risk, the USEPA (992) has issued health advisories of 0.2
mg/L (W-day, 10-day, longer term) for children and 0.8 mg/L (longer term) and 0.2
mg/L (lifetime) for adults. The WHO (666) recommends a level of 10 Mg/L for
d6nking water.

Both OSHA (3539) and the ACGIH (3005) have set an occupational exposure
limit of 5 mg/rn' (as CN') for cyanide, with a notation of possible skin absorption
listed by ACGIH. For hydrogen cyanide, OSHA has established a STEL of 5 mg/mn'
(skin) (3539).

The Health and Safety Commission of Great Britain has introducA a new control
limit for HCN, effective January 31, 1987: 10 mgim', 10-min TWA. No
recommendation has been made for a long-term exposure limit (3115).

Neither IARC nor NTP have classified this compound with regard to
carcinogenic activity. USEPA (3749) lists it in carcinogenicity Group D (not
classifiable is to human carcinogeni,ýity).
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563.4 Hazard Assessment

Cyanide is a rapidly acting, chemical asphyxiant, w1%ch is readily absorbed from
the alveolar membrane, intestinal mucosa and/or skin, and rapidly appears in the
blood. The more quickly a critical concentration of cyanide is attained in the tissues,
the more severe the effects. In sufficient doses, -yanide produces rapid death by
inhibiting key respiratory enzymes and thereby preventing the body from utilizing
available oxygen. At nonlethal doses, cyanide is detoxified to the relatively nontoxic
thiocyanate ion. Thus, exposure to small but continuous doses of cyanide may
produce no visible effects, while high doses of cyanide over a short time interval
saturate normal detoxification mechanisms, which results ih acute lethality. Minimum
lethal doses of HCN for humans are approximately 50-90 mg by ingestion and
approximately 100-150 mg/m3 by inhalation (1423). With the ingestion of simple
cyanide salts such as KCN, death may be delayed as long as an hour due to poor
absorption (1423).

No indications of adverse effects were noted in long-term feeding studies
available for cyanide (1781, 1689). No data were available on the carcinogenic and
mutagenic effects of cyanide. A single report noted malformations in hamsters
exposed continuously to NaCN by infusion during gestation (1782). The significance
of this study to the human situation is questionable.

The majority of available data deal with the effects of acute exposure to high
levels of cyanide which leads either to death or complete recovery. Symptoms of
cyanide exposure in humans include weakness, headache, confusion, nausea, vomiting,
increased rate of respiration cr slow, gasping respiration and eye and skin irritation.
This is followed by collapse, coma, convulsions and death. Little is known about the'
effects of chronic exposure to low levels of cyanide (1683). Studies have
circumstantially implicated cyanide exposure as a factor in several neurological
disorders such as Nigerian nutritional neuropathy, but the evidence is not conclusive.
The ability of humans to detoxify cyanide rapidly at low exposure levels suggests that
the risk of chronic low-level expos=e to cyanide are minimal.

56.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of cyanide ion (as total cyanide) concentrations in soil and water
.requires collection of a representative field sample and laboratory analysis. Care is
required to prevent losses and avoid contamination during sample collection. Samples
may be collected in either glass or plastic containers of one liter or larger size.
Sample preservation involves cooling and maintaining samples at 4°C with the
additicn of sodium hydroxide in the field until the pH of the sample is > 12; ascorbic
acid should be added in the presence of residual chlorine. Samples should be
analyzed as soon as possible. after collection; maximum holding time is 14 days (24
hours when sulfide is present). In addition to the targeted samples, quality control
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samples such as field blanks, duplicates, and spiked matrices may be specified in the
recommended methods.

EPA-approved procedures for the analysis of cyanide in aqueous samples include
Methods 335.2 and 335.3 (1420), 9010, and 9012 (63). In Methods 335.2, 9010, and
9012, the cyanide as hydrocyanic acid (HCN) i. released from cyanide complexes by a
reflux-distillation operation and absorbzd in a scrubber containing sodium hydroxide
solution; the cyanide ion in the absorbing solution is then determined colorimetrically.
The cyanide is converted to cyanogen chloride by reaction with Chloramine-T, which
is subsequently reacted with a pyridine-b-rbituric acid reagent to form a colored
complex. If the samples contain hydrogen sulfide, metal sulfides, or compounds that
may form hydrogen sulfide during distillation, they should be treated with bismuth
nitrate prior to distillation. Nitrate and/or nitrite may also interfere in the analysis
and samples containing these, species should be pretreated with sulfamic acid.

The colorimetric procedure is used to determine concentrations below 1 mg/L
Above this concentration a titration procedure using silver nitrate and a rhodamine
indicator is used (Method 335.2). In method 335.3 cyanide (as HCN) is released
from cyanide complexes by UV digestion and distillation. The cyanide is then
converted to cyanogen chloride and determined as described above. Methods 335.3
and 9012 are used for automated measurement of the colored complex.

The EPA procedures recommended for determination of total cyanide
concentrations in aqueous samples may also be applicab!e to the determination of
cyanide in soil and waste samples. These procedures differ primarily in the
preparation of the sample for analysis; cyanide ion must be solubilized and separated
from the sample matrix prior to analysis. Pyrolysis GC with mass spetrometry has
also been used to screen sediment/soil samples for cyanides (3160).

Typical detections limits for tyanide that can be obtained in waste waters are
shown be!ow, detection limits were not indicated for Methods 9010 and 9012 or for
nonaqueous samples. The actual detectin limit achieved in a given analysis will vary
with instrument sensitivity and matrix effccts.

Nonauewus Detection Limiit

I mg/L (Method 335.2/titration procedure)
0.02 mg/L (Method 335.2/colorimetric procedure)
5 ug/L (Method 3353)
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COMMON CAS REG.NO- FORMULA. AlP W/V CONVERSION
SYNONYMS: 50-29-3 C-HA FACTOR at 25"C (12)

1 2NIOSH NO:.
u2kro" 13321 14.5m/m' m I ppm;-
chisenc)t(4- 0.0689 ppm U I mg/m.
1MOECULAR WEIGHT:

p~p .DDT

DDT is considered incompatible with strong oxidizers by
oMe source and incompatible with alkaline materials by
another. For general compatibility classification purposes,
the compound is consikered to be a halo nik-.d organic.
Reactions of halogenated organic materials with cyanides,
mercaptans or other organic sulfidcs typically generate heat,
while those with amines, azo compounds, hydrazines,

REACTIVITY caustics, or nitrides commonly evolve beat and toxic or
flammable gases. Reactions with oxidizing mineral acids
may generate heat, toxic gases, and fires. Thob with alkali
or alkaline earth elemental metals, certain cther chemically
active elemental metals like aluminum, zinc or magnesium,
organic peroxoifs or hydroperoxides, strong oxidizing
agents, or strong reducing agents typically result in heat
generation and explosions and/or 6rs (23, 54, 511).

* Physical State: Solid, crystalline or
powder (at 20'C) (12)

0 Color: Colorless to slight off-white (12)
* Odor:. Odorless or slightly aromatic (12)
e Odor Threshold: 0-350 ppm (59)
0 Density: 0.9800 to 0.9900 g/mL

(at 20c) (12)
0 Freeze/Melt Point: 10&50C (59)

PHYSICO- * Boiling Point: 260.00*C (59)
CHEMICAL 0 Flash Point: Combustible solid (60)

DATA • Flammable Limits: No data
• Autoignition Temp.: No data
* Vapor Pressure: 1.50E-07 mm Hg

(at 20C) (12)
SSatd. Coc. in Air:. 1900OE-03

mg/m' (at 20*C) (1219)
* Solubility in Water:. 3.10E-03 to

3.40E-03 mg/L (at 25C) (67)
0 Viscosity: No data
• Surface Tension: No data
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0 Log (OcUnol-War&r Partitior Coeffi):
PHYSICO- 6.36 (2162)

CHEMICAL 0 Soil Ad4orp. CoeJf: 3.02E+05 (2147)

DATA e Henry's L., Con-,.: 2.80E-05
(ConL) atm .m'/moI (at 25"C) (2146)

0 Biocoac. Factor. 3.8E+04 (rainbow
trout), 1.1E+0ý; ('stim) (2001,659)

DDT is expected tc be relatively immobile in the
soil/ground-water system due to its strong sorption

PERSIS'SNCE propenies. Volatlization may be an important loss
IN THE SOIL- pathway from aqua*ic systems but is much slower in

WATER soih. Tansocation of sorbed DDT with soil particles
SYSTEM i iy be important. Biodegradation is erpected to be the

predominant fate prncess in toils, but occurs slowly
under aerobic conditionrs. Photolysis can also contribute
to DDT degradation in soils exposed to sunlight.

The primary pathway of concern from the
PATHWAYS soil/ground-water ryste' is the migration of DDT to

OF ground water drinking water supplies, although this is
EXPOSURE not likely to occur in most situations. Uptake by crops

from soil or bioacwimulation by aquatic organisms or
domestic animals may be important exposure pathways in
some instances.

,

I I I I I I I I I I I I I I I
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Signs and Symptoms of Short-term Humnan Exposure:
(54)~
DDT J of moderate acute toxicity to man. Symptoms
of exposure include paresthesia of the tongue, lips and
face; tremors, apprehension, diziness, confusion,
Sh whes, convulion, paresis of the bands,
vomitng, irrit&t.'n of the eyes aind skin.

Acute Toxicity u'~mes

ORAL:
LD., 87 mg/kg Rai (47)

HEALTH UD) 200 mg/kg Mouse (3504)
HAZARD LDs. 135 nrglkg Rat (3¢C4)

DATA LD, 150 mg/kg Mouse (3504)
LD, 150 mg/kg Rat (3504)
LDm 250 mg/kg Mouse (3504)

SKIN:
LD,. 1931 mg/kg Rat (47)
'LD,, 1000 mg/kg Guinea pig (3504)
LD,. 309 mg/kg Rabbit (3504)

Long-T Effccts: Liver gr,,j kldd• dam.ic
P •zyflcjeonate Data: Fetotoxic. not terato•.nic

flQdjX Qpta, Conflictinu data
Carcinogenicity Classiiication:
IARC - Group 2B (possibly carcinogenic to humans)
NTP - None assigned
EPA - Group B2 (probable human carcinogen;

sufficient evidence in wlimals and inadequate
evidence in humans)

Handle chemical ouly with adequate ventilation
* Concentrations of 10 mg/m3: chemical cartridge
respitator with organic vapor cartridgc with dust or mist
filter, including pesticide respiratom meeting these
requirer.ents or supplied-air respirator or self-contained

HANDLING breath-ng apparatus 0 10-100 mg/m3: supplied-air
PRECAUTIONS respirator with full fac:piece or self-contained breathing

(54) apparatus with full facepiece . 100-500 mg/m3: Type C
supplied-air iespirator operated in pressure demand,
continuous flow mode or other positive pressure mode
0 Chemical goggls if there is probability of eye contact
9 Appropriate clothing and gloves to prevent repeated
or prolonged skin contact
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA

AIR EXPOSURE LPIM :

"* OSHA TWA (8-hzr): I mg/m' (skin)
"* AFOSH PEL (8-hr TWA): I mg/m' (skin); STEL (15-min): 3 mg/rn'

0 NIOSH IDLH (30-min): NIOSH has recommended .hat the substance be
treated as a potential human carcinogen.

v NIOSH REL no data
* ACGIH TLV® (8-hr TWA): 1 mg/m'

WATER EXPCS-L.[ !'U:

Drining Water Standards
None established

EPA Health Advisories and Cancer RIAk Levels
None established

WHO Drinking Wate. ui.gj (666)
A health-based guideline for drinking water of 1 jug/L is recommended for
DDT. A daily per capita consumption of two liters of water was assumed.

EPA Ambient Wmtr Oualit7 Criteria
"* Human health (355)

- Based on ingestion of contaminated water and aquatic organisms,
(IE-05, IE-06, 1E-7 cancer risk), 0.24 ng/L, 0.024 ng/L, 0.0024 ng/L

- Based on ingestion of contaminated aquatic organisms only, (1E-05,
1E-06, 1E-07 caacer risk), 0.24 rIL, 0.024 n/.L, 0.0024 ng/L

- Based on ingestion of di-inking water only (IE-05, 1E-06, iE-07), 42
ng/L, 4.2 ng/L, 0.a2 ng/L

"* Aquatic Life (355)
. Freshwater srecies

For DDT and its meabolites, the criterion is 0.0010 jug/L as a 24-hour
average. The concentration should not exceed 1.1 ug/L at any time.

- Saltwater species
For DDT and its metabolites, the criterion is u.3010 •tg/L as a
24 hour average. The concenration should not exceed 0 13 pg/L at
any time.

~ffC EDQ : (3744)
5E-04 mg/kg/day
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REGULATORY STATUS (as of 01-MAR-89)

Promul~atr,, REZlaj¢
0 Fdral Pro•ramsClean Water ,At(WA

Under the toxic poZlutant effluent sum DDT is prohibited in any
discharge from DDT manufacturers cr formuiators. The ambient water
criterion for DDT in navigable watrm. is 0.001 pg/L This standard
applies to all discharges of process iestes from manufacturing and
storage areas sub'ect to direct contaziation by DDT through
stormwater runoti or routine cleanup, and cleanup of spills (805).
DDT is designated a hazardcus sublance. It has a reportable quantity
(RQ) of 0.454 kg (347,3764). It is rso listed as a toxic pollutunt,
subject to general pretreatment regIflations for new and existing
sources, and effluent standards and Luidelines (351, 3763). Effluent
limitations for DDT mi.tabolites hjxie been set iA the following point
source catego.-ies: clctroplating (3767), steam electric power
generating (3802), and metal finishing (3768). The limItations set arc
for the amount of total toxic organic (TO) discharge permitted per
day. DDT metabolitks are included in calculating the ITO. Effluent
limitations in the pesticde chemicals manufacturing point source
category are set at 0.010 kg/1000 kg of organic pesticide chemicals
(including DDT) maximum for any one day (891).

Safe Drinking Water Act (SDWA)
In states witu in approved Underground Injection Control program, a
permit is required for the injection of DDT-containing wastes
designated as hazardous under RCRA (295).

FesoutoCnervation ind Recovery Act (RCRA'
DDT is identified as a toxic hazardous waste (U061) and listed as a
hazardous waste constituent (3783, 3784). DDT is included on EPA's
ground-water monitoring list. EPA requires that all hazardous waste
treatment, storage, and disposal facilities monitor their ground-water
for chemicals on this list when suspected contamination is first detected
and annually thereafter (3775). Effective July 8, 1987, the land
disposal of untreated hazardous wastes containing halogenated organic
compounds in total concentrations greater thzn or eoual to 1HM0 mg/kg
will be prohibited. Effective August 8, 1988, the underground injection
into deep wells of thes - whstes is prohibited. Certain variances exist
until May, 1999 for land and injection well disposal of some
wastewaters and norw-astewaters for which Best Demonstrated
Available Technclogy (BDAT) treatment standards have not been
promulgated by EPA (3786). EPA requires that non-liquid hazardous
wastes containing halogenated. organic compounds (HOCs) in total
ooncentrations greater than or equal to 1000 mg/kg or liquid hazardous
wastes containing HOCs in total concentraions greater than or equal
to 1 * HOCs must be incinerated in accordance with the requirements
of 40CFR264-343 or 265.343 (3782).
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.umaresive Environmental Rv;&rnr Comperition and Liability
Aq (CERCLA)
DDT is designited a hazardous substance under CERCLA It has a
reportable quantity (RQ) limit of 0.454 kg. Reportable quantities have
vlso been issued for RCRA hazardous waste streams containing DDr
but these depend upon the concentrations of the chemicals in the
waste stream (3766).

vW m -wicLIe. Funecidc a,•dddd enticid¢, Act (FIFRA)
Action leves for the sum of DDT, DDE and DDD residues in
agricultural commodities range ftrm, C.05 to 0.5 ppm (889). As of
January 1, 1989, EPA is cancelling registrations and denying
alications of all dicofol products containing greater thar, 0.1% of
DDT and related impurities (22M8).

Marine Proteio Research and Sarit-uories Act (MPRSA)
Ocean dumpinp of organohalogea compounds as well as the dumping
of known or .,ipected carcinogens, mutagens or teratogens is
prohibited except when they air. present as trace contaminants. Permit
applicants are exempt from these rcgulationx if they can dcmonstrate
that such chemical constituents are non-toxic and non-bioaccumulative
in the marine environment or am rapidly readeted harmless by
physical, chemncal or biological proccss in the sea (309).

-uvtational Safety and H. (OSHA)
Employee exposure to DDT shall not exceed an 8-hour time-weighted
average (TWA) of 1 MImI. An employee's skin exposure to DDT
should be preventeW duced through the use of protective clothing and
practices (;539).

Hazardous MateriAls Tranportation Act (HMTA)
The Department of Transportation has designated DDT a hazardous
substance with a reportable quantity of 0.454 kg, subject to
requirements for packaging, labeling. and transportation (3180).

Food. Drur and COsrretic ^ct (FDCA)
The following action levels are recommended for the sum of DDT,
DDE and DDD residues:

S0(i ppm in dried hops
- 1.25 ppm in manufactured dairy products
- 1.0 ppm in peppermint oil, speannint oil and in crude

soybean oil (888)

0 Stat arProms

AMl states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Exposure Limits section) as their promulgated
state regulations, either b-y nrrative reference or by relisting the
specific numeric criteria. T"hese states have promulgated additional or
more stringent criteria:

1 I

LI
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Arkansas has set a chro toxicity standard of 0.001 sg/L (24-hr
average) for DDT in surface waters, and a= acute toxicity standard of
1.1 psg/L (never to exceed this). This is for the protection of aquatic
life (3587).

California has drinking wter standards of 42 jjg/L for Municipal
Region 1 and 5 waters and 4.0 pg/L for Ocean Plan waters (3097).

DISTRICT" OF COL"iIA
The District of Columbia I has set a human health criterion of 0 Ag/L
for DDT and its isowers in the public water supply (3828).

Illinois !-as a water quality criterion of 0.05 mg/L for DDT in the
public water supply (33

Kansas bas an action level of 0.42 jg/L for ground-water (3213).

I E IYOR
N-,' York has an MCL of 5 Ag(L for drinking water, an ambient water
qv•li', standard of 0.01 •g/L for surface water classed for drinking
wat,-e suppýy, and requires DDT to be nondetectable in ground-water
ký50 1).

QKL6OMA
Oklahoma requires the ihstream concentration of DDT never to

exceed 0.2 Ag/L for surface water- classed for fish and wildlife
propagation (3534).

WEST VIRGINIA
West Virginia currently a water quality criterion of 1 ng/L for
Public A waters, but has proposed new criteria the same as the federal
criteria. Final promulgation is expected by late spring 1989 (3835).

P:.'gtoed Regulatiorw
0 Federal Programs

No proposed regulations are pending.
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4 State Water Programs

Most states are in the process of revising their water programs and
proposing changes in their regulations which will follow EPA's changes
when they become final. Contact with the state officer is advised.
Changes are projected for 1989-90 (3683).

Minnesota has proposed a Recommended Allowable Limit (RAL) of 1
;sg/L for DDT in drinking water (3451). Minnesota has also proposed
a Sensitive Acute Limit (SAL) of 1 t&g/L for surface waters, and
ihronic criteria of 0.00013 1sg/L for cold surface waters, 0.00026 lig/L
for other designated surface waters, and 1 1AgiL for designated ground-
waters. These criteria are for the protection of human health (3452).

Di[Wive on Drinking Water (533)
The mandatory values for total pesticides in surface water treatment
categories Al, A2 and A3 used or intended for abstraction of drinking
water are 0.001, 0.0025 and 0.005 mg/&, respectively. There are no
guideline values.

Directive Relating to the Quality of Water for Human Consumption

(540)

The maximum admissible concentration for DDT is 0.1 gsg/L The
total maimum allowable concentration for pesticides and related
products is 0.5 4g/1.

D2irective on Ground-Water (538)
Direct dischargr into ground-water (Le., without percolation through
the grnund or subsoil) of organophosphorous compounds,
organohalogen compounds and substances which may form such
compounds in the aquatic environment, substances which possess
carcinogenic, mutagenic or teratoge=c properties in or via the aquatic
environment and mineral oils and hydrocarbons is prohibited.
Appropriate measures deemed necessary to prevent indirect discharge
into ground-water (i.e., via percolation through ground or subsoil) of
these substances shall be taken by member countries.

-4 a i i I I I I I :I I I I P H
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Directive on Bathing Water QualiLt (534)
When inspection of a bathing area shows that heavy metals, pesticides
or cyanides may be present, concentrations should be checked by
competent authorities.

Directive on the Quall Reauirid of Shellfgh Waters (537)
The mandatory specifications for organohalogenated substances specify
that the concentration of each substance in the sheilfish water or in
shellfish flesh must not reach or exceed a level which has harmful
effects on the shellfish and larvae. The guideline specifications for
organohalogenated substances state that the concentration of each
substance in shellfish flesh must be so limited that it contributes to the
high quality of shelIish product.

Directive on the Discharge of Dangerous Substances (535)
Organohalogen., organophosphates, petroleum hydrocarbons,
carcinogens or substances which have a deleterious effect on the taste
and/cr odor of human food derived from aquatic environments cannot
be discharged into inland surface waters, territorial waters or internal
coastal waters without prior authorization from member countries
which issue emission standards. A system of zero- emission applies to
discharge of these substances into ground-water.

Directive on Toic and Dangerous Wastes (542)
Any installation, establishment, or undertaking which produces, holds
and'or disposes of certain toxic and dangerous wastes including phenols
and phenol compounds; organic-halogen compounds; chrome
compounds; lead compounds; cyanides; ethers and aromatic polycyclic
compounds (with carcinogenic effects) shall keep a record of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used for disposing of such
waste.

Directive on Classif•,ation. Packaging and Labeling of Pesticides (786)
DDT is listed as a Class I/c substance and is subject to packaging and
labeling regulations.

Directive on Plant Protection Products (1333)
Plant protection products containing DDT may be neither placed on
the market nor used. If it appears n,-cessary, because of an
unforeateable danger threatening plant production which cannot be
controlled by other means, such products may be permitted to be
marketed and/or used for a maximum period of 120 days. DDT may
also be placed on the market or used in other specified cases.
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Directive on the Limit Value• and Ouatit Obiectives for Discharges of
Certain Dangerous Substances (1792)
Pursuant to the Dixective on the Discharge of Dangerous Substances
the quality objective for p,p'-DDT is 10 14g/L For total DDT
(including isomers) the quality objective is 25 Mg/L The emission
standard of DDT and isomers for DDT production is 0.7 mg/L water
discharged u a monthly average and 1.3 mg/L water discharged as a
daily average. These regulations must be complied with as of January

*1, 198&

EEC Directives - Provosed
Prootsal for a Council Directive on the Dumi:ng of Waste at Sea
(1793)
EEC has proposed that the dumping of organohalogen compounds at
sea be prohibited.

Proposal for a Council Rylation Concemin Export From and
Import Into the Community of Certain Darrgrous Chemicals (3993)
EEC has proposed that any export of DDT on its own or in
preparations must be reported by the exporter to a designax,
authority in the state of export and the state of import. The product
must be packaged and lbeled in accordance with the Directive on
Cla.fcation, Packaging and Labeling of Dangerous Substances.

Ei'ution on a Revised List of Second-Category Pollutants (545)
DIýT is one of the second-category pollutants to be studied by the
Commission in the programme of action of the European Communities
tz Exvironment in order to reduce pollution and nuisances in the air
and water. Risk to human health and the environment, limits of
pollutant levels in the environment, and determination of quality
standards to be applied will be assessed.
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57.1 MAJOR USES

From 1946 to 1972, DDT was one of the most widely- used agricultural
insecticides in the world (12). During this time, DDT played an important role in
many phases of agriculture and in the eradication of malaria, typhus and j lague. As
of January 1, 1973, all uses o" DDT were cancelled with the exception of emergency
public health uses; however, it is still used extensively in some tropical countries (59,
X03).

Technical DDT is a mixture consisting primarily of p,p'-DDT (65-80%),
o,p'-DDT (15-21%), p,p'-DDE (>4%), and up to a dozen other components (2145).
Most studies of DDT have examined either the p,p' isomer, the o,p' isomer, or the
technical product. The discussion that follows also focuses on the technical DDT
mixture, for it has received the most study. However, dath for specific isomers are
included whenever po6.be.

57.2 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS

572.1 Trmnspo in So&U•ound-wat Systems

DDT is expected to be highly immobile in the soil/ground-water environment
when present at low dissolved concentrations. Bulk quantities of DDT dissolved in
an organic solvent could be transported through the unsaturated zone as the result of
a spill or improper disposal of excess formulations. However, the extremely low
solubility of DDT and its strong tendency to sorb to soils results in a very slow
transport rate in soils.

In general, transport pathways can be assessed by using an equilirium-
partitioning model as shown in Table 57-1. These calculations predict the partitioning
of low soil concentrations of DDT among soil particles, soi.-wat.r, and soil air. Due
to its strong tendency to sorb to soil, virtually all of the DDT partitions to the soil
particles of unsaturated top soil, with negligible amounts snsociated with the soil
water or air. Even in saturated deep soil, which is assumed Lo contain no soil air and
a smaller organic carbon fraction, almost all of the DDT is ,etained on the soil.

57..1.2 Sorpti on Soda$

DDT is characterized by a strong tendency to sorb to organic carbon. Kadeg et
aL (2147) reported an arithmetic mean K, of 670, 200 for 17 reported values; the
corresponding geometric mean was log K.,. = 5.48. As with all neutral organic
chemicals, the extent of sorption is proportioral to the soil organic carbon content.
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TABLE 57-1
EQUILIBRIUM PARTITIONING CALCULATIONS FOR DDT

IN MODEL ENVIRONMENTS'

soil Estimated Percent of Total Mass of Chemical in Each Compartment
Environment Soil Sofl-Water Soil-Air

Unsaturated 100.0 1.7E-03 6.OE-06
topsoil at
25C6"

Saturated 99.9 7.9E-02
deep soil'

a) Calculations based on Mackay's equilibrium partitioning mcdel (34, 35, 36); see
Introduction in Vtumne I for description of model and environmental conditions
chosen to represent an unsaturated topsoil and saturated deep soiL. Calculated
percentages should be considered at rough cstimates nd used only for general
guidance.

b) Utilized soil sorption coefficient: K,, - 302,000 (2147).
c) Henry's law constant taken as 2.8E-05 atm .m'mol at 25*C (2146).
d) Used sorption coefficient K, , 0.001 x K,.

In soils with little organic carbon (e.g., clays) the extent of sorption may also depend
upon soil properties such as surface area, cation exchange capacity and degree of
hydration.

The apparent sorption of DDT to soils and sediments is lessened, and thus its

mobility is enhanced by tie presence 'of dissolved organic matter in solution. Caron
et al. (2148) found the sorption of DDT to a natural freshwater sediment to be
reduced by 75% in the presence of 6.9, mg/L of dissolved organic carbon (in the
form of humic acid extracted from another sediment). Using p,p'-DDT, Chiou et al.
(2149) observed the apparent water solubility to be significantly enhanced (roughly
2-5 td=e.) in the presence of 100 mg/L of humrc and fulvic acids. (Sorption will
decrease with increasing water The partitioning of pp'-DDT between
soil-derived humic acid and water was approximatzly 4 times greater than with soilU': fulvic acids and 5-7 times greater than with aquatic (freshwater) humic and fulvic
acids. These findings indicate that the mobility of DDT in natural waters may be
several times greater than predicted (though probably still small) when the effect of
dissolved organic matter is prescnL In waters containing large concentrations of
dissolved organic material, such as swamps and bogs, this may be epecially important.
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MU.1.3 Voailz m firom Seosa

The vapor pressure of DDT at 25C hes been given as 2.6E-10 atm (2150) with
estimates of its Henry's law constant at 25*C ranging from 2.SE-05 to 2.OE-06
atm m'/mol (2146). Volatilization is erpected to be an impcrtant loss process in
aquatic environments with the half-life for DDT on the order of several hours to
several days (10). The presence of sediment particles, which would adsorb DDT from
solution, would significantly reduce volatilization losses.

In sodts, volatilization is much slower. Jury et aL (808), using soil of 1.25%
organic carfon, to which DDT was applied uniformly to a depth of 1 cm at the rate
of 1 kg/hectare, calculated volatilization half-lives of 497 and 432 days when water
evaporation rates were 0.0 and 5.0 mm/day, respoctively. The corresponding figures
when the same quantity of DDT was mixed to a depth of 10 cm were 2300 and 2069
days.

Similar results were obtained by Lichtenstein et al (2151) who studied the
persistence of technical DDT (84% p,p'-DDT, 15% o,p'-DDT) in agricultural loam
sodl with crops over a 15 year period. Calculated half-lives for both isomers fell
between 4.0 and 4.7 years for D. ; applied at 10 pounds/acre; somewhat longer
half-lives were measured for applications of 100 poundi/a*re. These half-lives should
be taken as upper limits of the volatilization rate, because other processes such as
leaching and degradation cont,'bute to the DDT loss.

In tropical soils, the loss of DDT has been found to be much more rapid. El
Zorgani (2152) found a half-life of less than three weeks for DDT applied at an
initial concentration of 6.65 ppm to the soil surface beneath a cotton crop in the
Sudan. The loss of the o,p' isomer was several times greater than for the p,p'
isomer, an insignificant fraction of the loss could be accounted for by conversion to
p,p'-DDE. A half-life 110 days has been reported for DDT in Kenya (2153) where it
was found to sublime directly into the atmosphere without conversion to DDE.

572.2 Tramformation Processes in Sonauvmd-wavs System

The rate at which DDT degrades in the soil/ground-water environment is
dependent on the conditions under which it is prsent. The pH strongly affects the
rate of aqueous hydrolysis. Over the pH range typical of natural waters (pH 5-9),
Wolfe et al. (2154) found the pv'udo-first-order rate coistant (k,) at 27'C could be
expircsed as:

k,, - 1.917)09 + 9.9E-03. (OH]
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where k,, is in s", and [OH'], the concentration of the hydroxide ion is in moles/liter.
Hydrolysis half-lives of roughly 81 days, 8 years and 12 years at pH 9, 7, and 5,
respecthely, result-from the rate constant obtained from this equation. The
hydrolysis product of p,p'-DDT is p,p'-DDE (2145).

A phbtolysis half-life of 5 days was measured for DDT when it was present in
natural water eqxpsed up summer sunlight, although uo photolysis was observed when
the chemical was present in pure water (2155). Again, p,p'-DDE is a degradation
product (2145). Chen et aL (1220) observed a similar half-life of 8 days for
p,p'-DDT applied as a thin film (0.67 $sg/cm2) to glass plates and exposed to light of
environmentally important wavelengths (maximum intensity at 300 nm). The
degradation of DDT by ultraviolet light was found to be more effective when the
DDT was present in humus-free soil that, in soil containing humus (2156).

DDT has been found to undergo abiotic, reductive dehalogenation to DDD in
the presence of Fe(fI) porphyrin (2157). !t has been suggested that the Fe(m)
porphyrin, which results from the oxidation of the Fe(Il) porphyrin in this process, is
reconverted to the Fe(fl) porphyrin in the presence of reduced organic material
(2158). Dehydrochlorination of DDT to DDE (removal of a hydrogen and chlorine
atom to form a double bond) has slso been observed in model systems containing
reduced porphyrins and in the natural environment (2157).

Gambrell et al. (2159) found the degradation of DDT to be little affected by pH
but greatly affected by redox conditions. Under strongly reducing conditions (Eh =
-150 ynv), over 90% of the DDT was degraded within a few da,s. The authors note
that 'ais is an unusually rapid rate.

The half-life for the decomposition of DDT in aerobic soils has been reported to
be in the rang! of 10 to 14 years compared with half-lives of 28 to 33 days in moist
soils incubated under anaerobic conditions (2160). DDE is the major degradation
product in aerobic soil, and it is believed to be produced predominantly by chemical
processes. Under anaerobic conditions DDD is the major metabolite (10).

The bacterial and fungal cometabolism of DDT has been observed in the
laberatory and has been suggested to be potentially important in the field as wLU
(2161). In these reactions, bacteria which are not able to use DDT as their sole
carbon source grow on non-chlorinated analogues of DDT. but degrade DDT in the
process.

57.2.3 Primary Routes of Exponue from Sodrsroumi-water Systems

The above discussion of fate pathways suggests that DDT has low volatility, is
very strongly sorbed to soil, and has a high potential for bioaccumulation. These fate
characteristics suggest several potential exposure pathways.
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The volatfizition of DDT Er -n a dispol site and the consequent exposure to
workers and residents in the area is expected to be minimaL The potential for
ground-water contamination is limited by DDT's strong sorption to soiL However,
the persistence of DDT (and its degradation products DDD and DDE) has allowed
its transport to drinking water supplies. Mitre (83) reported that DDT was found at
4 of 546 National Priority UIt sites. In each case, it was detected in surface water,
but not in ground-water or air.

The movement of DDT in grouad-water n, it: movement with soil particles may
result in discharge to surface water. As a result, ingestion exposures may occur from
the use of surface waters as drinking water supplies, and dermai exposures may result
from the recreational use of surface waters. More important, however, is the
potential for uptake of DDT by aquatic organisms or domestic animals. The high
bioconcentration factor and the persistence of DDT (or its metabolites) suggest that
ingestion of these organisms can be important exposure pathways from
soil/ground-water sysie-s. According to the USEPA more than 99% of DDT
exposure is attributed to ingestion of contaminated aquatic organisms, with the
remaining 1% attributed to ingestion of contaminated drinking water (2001).

57Z4 Other Sourc of Human Eposure

Peak usage of DDT occurred in the United States in 1963; on January 1, 1973 it
was banned for all but essential public-health use (213). It is also banned in Canada,
but is used in Mexico and many other countries (2163). DDT may be found in food
products imported from these countries, and residuals are still commonly found in the
domestic environment. Dicofol, a miticide that contains DDT as an impurity (found
at concentrations up to 1.7% of the active ingredient in one study), is still in use in
the U.S. - primarily on cotton, citrus fruits, dry beans, apples and field corn (2164).
Nevertheless, there has been a clear decline in the measured concentration of DDT
in the environment since it was banned (with a shift towards a larger proportion of
DDT breakdown products). Thus, the year in which studies of DDT in the
environment or in diet were conducted should always be considered.

Schafer et aL (1241) found in 1969 that more thani 33% of over 500 finished
drinking water samples from the Mississippi and Missouri Rivers contained DDT,
DDE or DDD. DDT was detected in 44% of 5718 ambient water samples taken
across the U.S. in the early 1980's; the median concentration was 0.001 gg/L (1417).

Concentrations of DDT in ambient air over the continental U.S. ha-v been low
since its use was banned. For measurements taken between 1973 and 1979, the
highest reported value was 16 ng/'n' (mean of monthly average !evels for 1972) in the
Mississippi Delta, whereas at rive other sites across the southern U.S., the highest
meamured concentration was 0.8 ng/m' (2001). By comparison, p.p'-DDT was detected
in over 98% ef the samples in a 197-)-72 survey of 16 states, which had a mean
concentration of 5.7 ng/m' (2167). Measurements of DDT deposition from the
atmosphere indicate that fluxes are 10 to 20% of their peak values in the 1960's.
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This suggests that DDT transport from Mexico and Central America is ocMurring,
because DDT in dicofol is insuflIcient to explain the amounts observed (2163).

The total dietary intake of DDT was estimated to be 0.004 Asg/Jk body weight
for adults in the U.S. in 1979 (1245). For toddlers (2 years old) and infants (6
months old), the total intake wvs estimated at 0.003 and 0.013 Ag/kg body weight,
respectivet,, in 1978. No DDT was detectv. in diets of either toddlers or infants in
1979 (1244). Tbe major sources of DDT in the adult diet were meat, fish and
poultry (>85%), with leafy vegetables, potatoes, and root vegetables making up the
rest (1245).

In addition to total diet surveys, many studies of DDT contamination of
indidual food sources have been conducted. In a 1980-81 national survey of
organochlorin residues in freshwater fish, p,p'-DDT was detected in fish from 79.4%
of the 107 statiori, sampled (1800). The maximum wet-weight concentraticn was 2.69

eg/g and the georetric mean 0.05 ug/g.

DDT is also found in animal fats. In a 1981 study of DDT and related isomers
(o,p- and p,p'-DDT, DDE, and DDD) in Ontario, mean concentrations of 12 ug/kg
for bovine abdominal fat (197 composite samples from 990 carcasses) and 5 1g/kg for
porcine abdominal fat (38 composite samples rom 190 carcasses) were found (1248).

Milk is another source of hunman exposure to DDT. A 1981 survey of bovine
milk in Illinois found 13.6% of the samphi•, contained DDT and its analogues at
concentrations above the detection limn* -I ppb) with the average concentration being
0.01 ppm (2166). Human milk can also be a source of txposure. A Canadian study
of 26 women during the edrly 1980's found p,p'-DDT cot -entrations ranging frora 3.8
to 5.5 ng/g whole milk over a 98-day lactation period (2165).

57-3 HUMAN HEALTH CONSIDERATIONS

57211 Anima Stdies

57.31.1 C~arckpgenicity

The carcinogenki ty of DDT has been extensively studied. IARC (13, 3838)
concluded that the evidence for carcinogenicity of DDT is sufficient in animals and
inadequate in humans and classificd DDT as a 2B carcinogen.

The bepatocarcinogenikity of orally administered DDT has bean demonstrated in
several strains of mice and shows a dose-response relationship. Tornatis et aL (1944)
conducted a two-generation feeding study in CF1 mice. A total of 881 animals were
treated rith dietary concentrations of 2, 10, 50, or 250 ppm technical DDT for their
lifetime. A total of 224 mice ,ere in the control groups. In both the parent and
offispring generations there was an excess of mortality from week 60 onwards among

Li l III III i
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animals receiving 250 ppm. In treated males, the incidence of liver cell tumors
ranged from 46 to 80% witb 22% in controls. In femaleus all tumors were found
after 100 weeks of age. The emces over controls was significant only in the groups
receiving 50 or 250 ppm (13% and 67%, respectively, compared with 3% in controls).
In another two-generation study conducted in BALB/c mice, a total of 515 females
and 431 males wer administered dietary concentrations of 0, 2, 20, or 250 ppm of
technical DDT for their life!!-e. In males, there was a large number of early deaths
due to toxicity and fighting. Liver cell tumors were found in 48% of the high dcse
group, 5% of the 2 ppm group, none in the 20 ppm group and 2% of controls that
survived more than 60 weeks. In females, the survival rates were comparable in &lH
groups. Liver cell tumors were found in none of the conLrol or 2 ppm groups, 0.8%
in the 20 ppm group and 59% in the 250 ppm group. No metastases were found
(1943). In a study of p,p'-DDT, CF-1 mice were fed diets contAird.ng 100 ppm for
110 weeks. Within 26 months, 79% of the males and 96% ot the females developed
liver tumors compared with 24% and 23% of the male and ferale controls,
respectirvely (1083).

In the 2-year study, male B6C3FI mice were administered dietary DDT at
time-weighted-average (TWA) doses 22 or 44 ppm, and female mice were
administered dietary doses of 87 or 175 ppm for 78 weeks and observed for an
additional 15 weeks (2005). Under the conditions of this study, DDT was not
carcinogenic in inm...

Rosi et aL (1942) administered to Wistar rats 500 ppm of technical DDT in the
diet for their lifetime. The incidence of liver tumors was 35% in males and 5%% in
femaIes compared with 0% in controls. Tumors were not induced in Osborne-
Mendel rat-, given dietary DDT at doses of 321 or 642 ppm (males) and 210 or 420
ppm (fema,..) for 78 weeks, followed by 35 weeks ut' observation (2005).

Feeding studies conducted in dogs and monkeys are inconclusive because of the
small number of animals used and thw inadequate duration of treatment (20C"2). The
bioassays conducted in hamsters were negative. The animals weze fed up to 1000
ppm in their diets oter their lifetimes (1991, 1941). The reasons for the species
differences were investigated by Gingell (1940). The difference between hamsters
and mice is probably due to DDE, the principal metabolite of DDT. When both
species are maintained on similar DDT-containing diets for a similar time, the levels
of DDE in mice is approcimately 100 times higher than those in the hamsters, with
the rate of formation being much less in the hamster.

Inbred Swiss mice (60 per group- 30 per sex) were treated with technical grade
DDT for 80 weeks as follows: Group O wrs given no DDT (controls); Group A w3s
given 100 ppm of DDT in the diet; Group B was given a dose of 10 mg/kg in olire
oil by intubation (treatment interval not given); Group C was given 0.25 mg in olive
oil by subcutaneous injection twice per month; Group D was treated topically with
0.25 mg in 0.1 mL of olive oil twice per week (3348). Alriot 50% of animals in all
groups survived until 80 weeks; therefore sufficient tnimals survived for analysis of
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late-devloping lesion. The total number of animals with tumors was significantly
increased in the groups treated by dietary administration, intubation, and
subcutaneous injection, but the number was not significantly increased in those
treated topically. The incidence of lung tumors (tubular papillary adenomas) and
lymphoms were signifcantly increased in mice given DDT in the diet and by
intubation; the incidence of liver cell carcinomas were not increwed in any group.
Other tumors were found, but the incidences were not increased above those of
control

Several studies haw addressed the tumor-promoting effects of DDT. In these
studies DDT is administered after a subthreshold dose of a kncwn carcinogen. These
studies are summarized bekow:.

Male and female Syrian golden hamsters (48 animals per sex) receiving 1000 ppm
of technical-gra-e DDT (75% p,p'-DDT, 20% o,p'-DDT) in their diets for life did
not show evidence of carcinogenicity at any site (3601). Adrenal tumors were found,
but the incidence of these tumors, which were also found in high frequency in
controls, were not significantly increased.

Hepatecarcinogenesis was studied in male BC,F mice treated with DEN and
DDT (3839). Groups of mice were given 20 ppm of DEN in their drinking water for
14 weeks, allowed to rest for 4 weeks, azd then given 50 ppm of DDT (97.6%
purity) in their diet for 25 weeks (total study duration 43 weeks). Controls included
untreated mice, mice given DEN without subsequent DDT treatment, mice only given
50 ppm of DDT for 25 weeks without prior DEN treatment, and mice given DDT
prior to DEN. Interim sacrificed were conducted at 14, 18, 26, and 34 weeks, with
the remaining animals sacrificed at 43 weeks. Liver lesions were quantitated by the
number of altered foci, adenomas, and ctrcinomas. The number of fcci in mice
receiving DEN alone showed a progressive decrease during the course of the study
(4.5 foci/sq.cm. at 26 weeks; 1.27 at 43 weeks); the number of tumors increased such
that the final incidence was 8/20 (40%), 2 of which were carcinomas. The incidence
of liver tumors was 10,7% in mice receiving no treatment. An insigrificant increase
in the number of altered foci were found in mice receiving DEN foliowtd by DDT
(3.08 at 43 -wceks); the incidence of liver tumors was 14/21 (66.'%) at 43 weeks, 10
of which were carcinomas. No liver tumors were found in mice receiving DDT only,
and 12.0% of animals receiving DDT prior to DEN developed liver tumors.

DDT was tested for its ability to enhance (or promote) the production of liver
tumors in rats given a subcarcinogenic dose of diethylnitrosamine (DEN) (3506).
Male Wistar rats were given 500 ppm of DEN in their arinking water for 2 weeks.
A dose of 0.1 mL of 1.25% DDT in olive oil was given by gastric intubation, twice
weekly for 12 weeks. One-hrlf the arimals were killed after 40 weeks and the other
half after 52 wq-k&. No liver tumors were found in the group given DEN alone.
One liv/er tumc. *a3 fbund in one of six rats sacrificed at 40 weeks, and three liver
tumons were found in thrce cf eight rats sacrificed at 5t weeks. According tc the
authors this incidence was not significant. Dr)T also did not affect the in'idence of
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live tumors when given in combination with either phenobarbital and/or

polychlorinated biphenryls.

Male Donryu rats were administered 600 ppm of dietary 3'-methyl-4-(dimethyl-
amino)-azobenzcne for 3 weeks starting at 21 days of age (3361). The animals then
received 0, 5, 10, 20, 50, 100, or 500 ppm of dietary DDT continuously until they
were sacrificed &1. 12 or 24 weeks of age. Another group of male Fisher rats were
simultaneously aditni:steed 100 ppm of the carcinogen and 0, 50, or 100 ppm of
DDT in their diet. Potential for hepatocarcinageneis was measured by the number
and siz of altered hepatic faa. DDT administered after the carcinogen resulted in a
dose-dependent increae in both the numnbers and sizes of foci measured it 24 weeks.
Only the numbers of foci were measured at 12 weeks ai'd founid to be increased.

Male Sprague-Dawley rats were given a control diet or a diet containing 0.02% 2-
acetamidophenanthrene (AAP) for 3 weeks starting at 3,weeks of age (363!). After
a 10-day rest period, the animals were given a diet containing 0.05% DDT for 45,
weeks. The three treatment groups, were as follows: AAP followed by DDT, AAP
only and DDT only. The total tumor incidence (all sites combined) w&as significntly
increased from 21% (AAP only) to 68% (AAP plus DDT). The incidence of
mammary tumors were increased in DDT-treatcd animals. The latzncies for induction
of ear duct gland tumors, which are known to be induced by AAP, and mammary
tumors were decreased by as much as 15 and 20 wezks, respectively, in animals
receiving DDT after AAP. This study showed that early idtency for mammairy tumors
and possibly ear duct gland tumors is promoted by DDT.

573.12 Mutagenicity

The genotoxicity of DDT has been extensively studied. DDT has not shovm
genotoxtic activity in any of tlhe bactL,-al test systems studied. No increased frequency
of reverions was obrerved in the fii'. standard Samnella =hiipyrim strains with
or without metabolic activation- DDT was also negative in the rec-assay with Bacillus
aiubtilhis as well as the host-mediated assay with 2 in~um~n .Mharcesc nj as
indicators (2001, 916). Tests with eukaryotic yeast cells, such as :xaoX
cecva were also negative (2001).

DDT is not genotoxic in the test for sex-linked recessive lethal mut~tions LŽi
2= bl mcao sc although DDA, the principle urinary metabolite of DDT in
mammals, gave pocitive results in this test ssystem (1948). Clark (1947) fed DDT to
Jýoohfla adult males and observed an increase in nondisjunction correlated with
spermatocyte stages. Conversely, Woodruff et al. (3847) treated Drmosoila
mclnog~trmalesfcr 3days with 25 ppmDDT anddid not obscnvc:. significant
increase in partial or whole sex chromosome los~s when these males were mated to
repar-deficient females, a strzln sensitive to agents that cause genetic perturbations.

In mammalian syste-ms, reported studies are negative or marginally positive.
DDT did not interact with DNA and did not produce unscheduled DNA synthesis in
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cultured human fibroblauts or in rat, mouse, or han=ter hepatocyts (1077, 1946,
1250). In the V79 Chinese hamster cell line, DDT was ineffective in inducing
chromosome abcrrations and 8-a rsguaninc forward mutations. Exposure was 30 or 35
sg/mL4 -4 hr (19%-). Both chromosome brtaks and cxhanges were observed in

rat-kangaroo cells treated with p,p'-DDT at 10 ug/mL/24 hr. The p,p'-isomer
accounts for most of the toxicity attributed to technical DDT (1999).

Markmzyan (3428) reported that DDT injected ip into male mice (0.01 mg/g body
weight) induced chromosomal aberrations in bone marrow cells examined 21 hr after
treatment. In the rodent dominant lethal assay, Cark (1947) and Epstein et al. (998)
reported conflicting resulh. Clark administered two 50-mg/kg doses of technical DDT
orally to male Swiss mice and found that it induced dominant lethal mutations in
early spermatid and spermatocyte stages. This was reflected in a reduction in the
number of implants per female and an increase in the number of dead implants. The
difference was most pronounced 3 to 6 weeks after exposure. Oral doses of 100
mg/kg twice a week for 10 weeks caused a persistent increase in the number of
mutations. This treatment czused changes in the morphology of the seniniferaus
tubules and degeneration of B-type spermatogonia. In contrast to these positive
results, Epstein et al. (998) found no significant dominant lethal effects in ICR/Ha
mice. The animzils were given either single ip dose of 105 or 130 mg/kg or oral
doses of 10 to 100 mg/kg daily for 2 days or 15 to 30 mg/kg/day for 5 days.

Palmer et aL (1945) reported weak positive effects using p,p'-DDT in a dominant
lethal assay iu ,ats. There was a statistically sig•ificant increase in the proportion of
females having one or more dead implants af&er mating during week 3 with males
given a single oral dose of 100 mg/kg. No significant effects were found in females
mated with males given the same ip dose of DDT Krause et aL (3381) studied
spermatogenesis ard fetal wastage in male Wistar rats treated with DDT by gavage
and observed significant adverse effects on spermatogenesis; fetal wastage was
significantly higher in the treated group compared with controls.

573.13 Teratgniity, Eb.rw ozidi7 and Reproductive Effects

DDT has been reported to exhibit .m:rogenic properties following in v
administration to a number of mammalia.3 -ecies. The estrogenic action of technical
DDT resides in the o,p'-isomer. To estabi.,h whether o,p'-DDT is a typiczl estogen,
its activity was compared with that of estrad'ol with respect to a variety of
parameters. Welch et al. (1989) fouv4 that an ip injection of I or 5 rngIcg of
techrical grade DDT or o,p'-DDT caused a significazt increase in the uterine wet
weight in immature female rats. Single ip injections of 50 mg/kg of purified
o,p'-DDT or technical DDT increased uterine wet weight by 49% and 43%,
respectively, 6 hr after the injection. A similar dose of pp'-DDT caused an increase
of 28%, which, although statistically significant, is considered weak activity.
Additional parameters used to measure estrogenic activity in vivo include clevation of
uterine glycogen and ornithine decarboxylase activity. The minimum dose of
o,p'-DDT required to cause an elevation of uterine glycogen in rats was 2.5 mg/kg

r :K
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while the minimum dose causing induction of ormithine decarboxylase activity was 5
mg/g (1980).

A:i~i~ Although o,p'-DDT exhibits weak estrogenic activity in comparison with estradiol
(approximately one-ten thouspndth), this effect is significant, because it is known that
exposure of female rats to exogenous estrogens may result in long-term toxic effects

Ai ion the fertility of the mature animal. These effects include polycystic ovaries,
anovulation, persistent vaginal estrus, and absence of mating behavior (1981). Gellert
et Al (1982) found that female rats given 0.1 mg of o,p-DDT (no route specified) on
the second, third or fourth days of life showed precocious puberty, persistent vaginal
estrus and anovulation. It also led to the development of polycystic ovaries and
uterine histopathology, including palches of stratified squamous epithelium in the
endometrium after puberty. Male neonates were unaffected by similar treatment, but
other investigators have reported reproductive effects in male rats exposed to
o,p'-DDT. Lee and Visek (1978) reported that male rats injected subcutaneously
with 3 mg of o,p'-DDT I to 3 hr after birth subsequently showed an abnormal
pattern of sexual brain differentiation that was attributed to inhibition of normal
action of testosterone on the developing brain. In addition, male rats exposed to

Stechnical DDT(no route reported) at 5Wmg/g on the 4th and 5thdays of lifor at
200 mg/kg/day on days 4 to 23 showed lower fertility than controls. This was
associated with degeneration of spermatogenic cells, and a decrease in the number of
Leydig's cells. There was also damage to the seminiferous epithelium which was
attributed to a reduction in testosterone (1966).

Exposure to DDT through maternal milk has been found to have lasting effects
on mice and rats. The reproductive capacity of mice was found to be impaired when
their mothers had been given four weekly doses of 50 mg/kg during lactation (1965).
Preweaning exposure of neonatal male rats to milk from dams injected with 50 mg of
o,p'-DDr daily during postnatal days 1 tc. 25 caused statistically significant alterations
in body weight and in the weights of the estes and ventral prostate (1966).

There is no evidence that DDT is teratogenic at doses ranging from I to 50
mg/kg (1991). Embryotoxic and fetotoxic effects have been seen after single or
repeated doses. Mice given doses of 1 mg/kg of p,p'-DDT on days 10, 12 and 17 of
gestation had morphologic changes in their gonads and a decrease in the fertility of
female offspring (1962). A single dose of 25 mg/kg or repeated doses of DDT at 2.5
mg/kg/day (duration not specified) were reported to cause significant blastotoxic,
embryotoxic and fetotoxic effects in mice. No additional details were given (1964).

* Similarly, in rabbits, doses of 50 mg/kg on days 7, 8, and 9 of gestation caused
premature delivery, increased resorption and decreased intrauterine growth but no
teratogenic effect (1963). Fabro et al (3206) administered 1 mg/kg/day of DDT
orally on gestational days 4, 5, 6, and 7 to rabbits. They observed a slight increase in
litter size, but statistically significant decreases in fetal weights 3nd fetal organ weights
oa gestation day 28.
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Multigenerational reproductive studies have been conducted in mice, rats, and
dogs. In a six.generation study of mice fed a dietary level of 2.5 mg/kg there was no
effect on fertility, gestation, viability, lactation, or survivaL A dietary level of 100
mg/kg produced a slight reduction in lactation and survival in some generations, but
the effect was not progressive. A level of 250 mg/kg caused a high rate of fatalities
and was discontinued after the second generation (1961). Ottoboni (1960) found no
reproductive disturbances in two generations of Sprague-Dawley rats fed technical
DDT at levels as high a 200 ppm but did report a significant increase of ringtail
disease (a constriction of the tail followed by spontaneous amputation'. No
reproductive, effects were reported in three generations of dogs fed from weaning at
rates of 1, 5, or 10 mg/kg/day (1959).

37.3.L4 Other Toxicologic Effects

57.3.1.4A1 Shodrtcxn Toxicity

DDT acts primarily on the central nervous system. Single large doses or
repeated doses can produce hyperexcitability, tremors, ataxia, and epileptiformn
convulsions. Death from DDT poisoning is usually the result of respiratory arrest.
In some species, DDT sensitizes the heart to epinephrine and these animals die from
ventricular fibrillation (2000).

After oral administration, there is a latent period of several hours before toxic
effects appear, death occurs in about 24 to 72 hr. The latent period after
intravenous administration is approximately 5 min. Signs of poisoing reach a
maximum level in about 30 minutes. Animals that survive, recow-.r completely and
are symptom-free in 18 to 24 hr (2000). There are marked spc.ies differences in
susceptibility to acute poisoning by the oral route but when giien by the intravenous
route, the dose and time required for poisoning are siim;' - for a variety of species
(59). The oral LDo in rats, rabbits, and monkeys are .si, 250, and 200 mg/kg,
respectively (47); the- intravenous LDws for rats, rabbits, ;,, monkeys are 47, 30 to
41, and 55 mg/kg, respectively (1991). The vehicle in ,'hich DDT is administered
plays a role in its toxicity. In general, DDT appears to be more toxic when given as
a solution in vegetable oil or animal fat than when given in some petroL-um fraction
(2000). For example, Clayton and Clayton (12) report the following LDO in Wistar
rats (route unspecified): 240 mg/kg in olive oil, 420 mg/kg in corn oil, and 940 mg/kg
in propylene glycol or mineral oil.

DDT is retained prefertntially in fat. Its retention in other tissues and organs is
proportional to the fat content of those organs. After repeated doses, DDT in
adipose tissue increases rapidly at first and then more gradually until a steady state is
reached. Less DDT is retained at higher doses, because the rate of exretion is
relatively greater (2000). Rats with large amounts of DDT in their fat may suffer
toxic effects if they are starved or if the DDT in the fat is mobilized. Conversely,
increased protein in the diet decreases toxicity due to an increase in the activity of
degradative enzymes (2000,1991).
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In mammals, including man, DDT is metabolized by two pathways. It is
converted to a slight extent to DDE, which does not undergo further
biotransformation, but is stored indefinitely in adipose tissues. The major
detoxifcation pathway is via dechlorination to DDD, which is readily degraded to a
water soluble metabolite, DDA and is rapidly excreted into the urine (2000).

The acute toxicity of technical DDT appears to be due almost exclusively to the
p,p'-isomer. In rats, an oral dose at 150 mg/kg of p,p'-DDT caused severe effects
and 50% mortality, whereas o,p'-DDT at the same dose did not cause effects,
although the concentrations of both compounds in the brain were about the same at
various intervals after dosing. A dose of 3000 mg/kg of o,p'-DDT caused mild to
moderate effects and the concentration in the brain was 5 to 9 times greater than
that at which p,p'-DDT caused similar effects (1991).

The signs of acute DDT poisoning are similar at oral doses ranging from 100 to
600 mg/kg, but the time onset is delayed, the time-course is extended, and the
severity less at low doses (1958). In Wistar rats, a 100 mg/kg dose of p,p'-DDT in
corn oil caused no apparent signs of neurotoxicity during a 5-hr observation period.
Administration of 200 mg/kg resulted in fine tremors in the 5th hour without any
change in body temperature. When a dose of 600 mg/kg was administered, the first
signs of intoxication were hyperresponsiveness to sound and tactile stimuli. These
effects were observed about 2 hr after dosing. Between 2 and 3 hr,' fine tremors
were seen in the head and then progressing through the whole body. The tremors
gradually became more intense between 4 and 5 hr. At the 5th hour, 50% of the
animals had episodes of clonic seizures. Between 5 and 7.5 hr, clonic convulsions
lasting 5 secords occurred in all rats. All animals died 5.5 to 7.5 hr after a series of
clonic convulsions or very violent tremors. Four of six animals had paralysis of their
hind legs. A dose of 400 mg/kg caused similar effects but the neurotoxic signs were
less pronounced (1958). In addition, marked hyperthermia and sympathetic discharge
were observed to accompany the tremors and convulsions.

Tdson ct al. (3718) demonstrated that adult male Fischer-344 rats given p,p'-
DDT (0, 25, 50, or 100 mgikg body weight) by gavage 3 hr prior to testing in a two-
way shuttle box did not affect the number of passive avoidance responses, but 100
mg/kg did increase the latency required to make the response and significantly
decreased the number of responses during the 10- to 20-sec intratrial period. In tests
on passive avoidance DDT given prior to trairing did not significantly affect learning
nor did it have an affect on retention of passive avoidance when the animals were
again tested 7 days after dosing. The response of animals receiving DDT immediately
after training and tested 7 cd)as later was also not significantly affected by DDT.
Tilson et aL (3718) reported that their results were in agreement with those of Uppai
et aL (3758) who demonsrated that DDT did not affect the response to a pole-climb
avoidance to electric shock, but it did tend to increase the avoidance latencies. Rats
trained in a step-through passive avoidance after administering DDT had learning
impairment when tested 24 or 48 hr after treatment (dose not reported); retention
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was impaired in animals trained 24 hr after treatment with 95 mg/kg body weight of
DDT and tested 48 hr later (3757)

Kitchen and Brown (3362) reported that two doses of p,p'-DDT (99 plus%
purity) given 22, 66, 132, or 195 mg/kg body weight given orally (corn oil vehicle) to
rats 21 and 4 hr prior to sacrifice did not cause significant DNA damage, changes in
ornithine decarboxylase activity, or hepatic glutathione content or serum alanine
aminotransterase activity (indicative of liver damage). The hepatic microsomal
cytochrome P-450 content was significantly increased (28%) in rats given 66 mg/kg,
but not at the other doses. The same parameters measured in mice treated with
doso of 22 or' 175 mg/kg body weight were not significantly affected.

Lnw doses of dietary DDT for 1 to 2 weeks caused induction of liver microsomal
enzymes. A single oral dose of I mg/kg DDT or 0.5 mg/kg/day for 14 days caused
the same effect (1991).

Few DDT ir-halation studies have been conducted. *Se¢.ral species" of animals
exposed to levels of approximately 1000 ppm w/v in air for 2 hr daily showed signs of
intoxication, and deatbs occurred after 4-10 exposures (12). After two 7-hr exposure
periods of 0.13 mgaL DDT (Neocid®) on day 1 and 0.4 mg/L on day 2, a rhesus
monkey showed no signs of intoxication. Six rats exposed concurrently on the first
day showed mild tremors. Six other rats exposed on the second day experienced
tremors which lasted for 3 days. All rats survived. No ill effects were seen in a
rabbit, a cat or a guinea pig exposed tu levels of 02, 0.3 and 0.45 mg&L, 7 hr/day for
3 days (12).

The dermal toxicity of DDT is greatly dependent on the vehicle in which it is
dispersed. In rats, DDT powder or a suspension in water has been reported to have
an LD,. of 1,000,000 mg/kg. The dermal LD,. of DDT in an oil solution ranges from
250 to 3000 mg/kg (1991).

DDT has not been shown to cause ocular damage to animals. A 4% solution of
pure DDT dissolved in purified kerosene tested on rabbit eyes had no effect (19).

57.3.1.4.2 Crrmnc Tmdty

In animals given repeated doses of DDT, pathological lesions are seen in the
liver and kidneys (17).

Histopathologic changes were observed in the livers of ratz exposed to dietary
levels as low as 5 ppm for 4 to 6 months (1991). When rats -were fed a diet
containing 600 to 800 ppm DDT for 2 years, there was an increase in kidney weight,
and the animals had moderately severe tremors, pirticuiarly during the 'early months.
Concentrations of 400 ppm or above produced an abnormally high mortality rate and
an increase in liver weight. Some animals had tremors. Tremors were rarely seen at

V
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200 ppm but moderate liver damage was usen at concentrations of 200 ppm and
above. At 100 ppm there were slight indications of liver damage (12).

In a study ounducted by NCa (200W5, female Osborne-Mendel rats receiving 630
ppm of dietary technical-grade p,p'-DDT exhibited CNS stimulation characterized by
hyperactivity, body tremors, and a hunched appearance starting at wet.k 5 of
treatmet. By week 26, 90% of the females, 40% of males receiving 840 to 1000
ppm of DDT, and 8% of females receiving 315 ppm showed signs of neurotoxicity.
A decrease in dosage resul:ed in a decrease in neurotoxicity, but the signs reappeared
as DDT intake was continued, presumably due to accumulation of DDT in the body.

Male and female Syrian golden hamsters receiving 1000 ppm of dietary technical-
grade DDT, containing 70 to 75% p,p'-DDT and 20% o,p'-DDT, for life did not
exhibit neurotoxic signs during the course of treatment (3601). These results
indicated that hamsters are more resistant to both acute and chronic toxic effects of
DDT. Rossi et aL (3601) reported that amyloidosis of the liver, kidney, and adrenals
observed in 90% of control females and 64% of control males was reduced to 24% in
female hamsters receiving DDT.

Monkeys develop liver histopatboloy only with exposure to relatively high
dosage levels. No liver changes occurred in monkeys fed dietary levels of 200 ppm or
less for periods of up to 7.5 years. One of six animals fed 5000 ppm developed the
cytoplasmic inclusions that are characteristic of chlorinated hydrocarbon poisoning
(1991). This lack of toxicity may be due to the inability of monkeys to convert DDT
to DDE since no DDE was detected in the fat of these animals (1991,2001).

Mild to moderate morphological changes have been reported in the kidneys of
animals given repeated doses of DDT. These include falty degeneration, necrosis,
calcification or slight brown pigmentation of the convoluted tubular epithelium, but a
complete absence of kidney effects has been reported in other studies conducted in
the same laboratories (2000).

No-effect-levels which have been reported are: 12.5 ppm diet in rats exposed for

18 to 24 months ..d 30 ppm diet in dogs exposed for a period of 15.7 months (12).

573.2 Human and Epide o Studies

57.3.2.1 Short-term Toxicologic Eff_•.

Signs of DDT poisoning in man are similar to those observed in animals. The
earliest symptom of poisoning is hyperesthesia (i.e., abnormally increased sensitivity)
of the mouth and lower part of the face which is followed by paresthesia (i.e.,
burning or prickling sensation) and tremor of the extremitie, confusion, malaise,
headache, fatigue and delayed vomiting. Human poisoning has been reported to have
occurred only by ingestion. In general, symptoms occur as soon as 30 minutes after a
large dose or as late as 6 hr after a small dose. In acute exposuies, recovery is



57-26 DDT

usually complete or well advanced in 24 hr. In sevee caes, recovery may take a
week of more (1991,2001).

The human oral LD% has been estimated to be approximately 250 mg/kg (1991).
A single dose of 10 mg/kg producea illness in some subjects but no vomiting or
convulsions occurred. When the dosage was 16 ,ug~fg or greater, convulsions
occurred frequently. Generally, smaller doses did not produce illness, although a dose
of 6 mg/kg produced perspiration, headache and nausa in one man. In rare cases, a
dosage s high as 20 mg/kg might be takea wthout effect and doses as high as,285
mg/kg have been taken without fatal result; however, dries as high as those in the
latter case lead to immediate vomiting so that the amoa't actually retained cannot
accurately be determined (2000).

Uncomplicated DDT poisoning has been fatal in some cases but none of these
has been reported in detail. Death has been caused more frequently by DDT
solutions, but in most cases the symvtoms were predominantly those of the solvent.
NIOSH cites four deaths after suicidal ingestion of DDT but no details as to dose,
vehicle or symptoms were reported (1991).

Hepctic and cardiac involvement are mentioned in only a small portion of the
reported cases. In three men who ingested 5000 to 6000 mg (about 71 to 86 mg/kg),
slight jaundice appeared after 4 to 5 days and lasted from 3 to 4 days. Palpitations,
tachycardia, and 'irregular heart action' have been noted in some cases. It is not
known whether cardiac arrhythmia might be a possi'le cause of death in acute
poisoning, as it is in some species of laboratory animals (59,1991)

The kinetics of DDT in humans has been extensively studied by Morgan and
Roan (1994). DDT is stored in fat at about ten tirres the concentration of intake.
Conversion of DDT to DDE is very slow, occuring at a rate of 20% over 3 years.
DDT is eliminatekd from the body through reduction to DDD and conversion to
DDA with a biologic half-life of about 1 year. DDE is eliminated more slowly with a
biologic half-life of about 8 years.

Dermal expcsure to DDT has not been associated with any illness or irritation.
When small pads impregnated with either powdered DDT or 50% DDT solution
were applied to the inner surface of the forearm, no effects were seen (2000).

DDT has not been demonstrated to have a selective toxic effect on the eye.
PIre DDT dissolved in purif-d kerosene, which was ttsted in a concent:ation of
0.01%, caused no discomfort or irritation. Ocular irritation has followed.

contamination of the eye by powders containing DDT (19).

1 . . . ,, , , i !i
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57=32 Chronic Toxicolo&i Effects

No clincal syndrome of chronic DDT intoxication ;s recognized in man (17). A
number of small-scale studies involving controlled exposx,e of volunteers to technical
DDT have been conducted.

Hays et al. (1950, 1951) conducted two chronic expxoure studies with volunteers
ien DDT orally. In the first study, 51 volunteers received 0, 3.5, or 35 mg of DDT
-" person daily for periods ranging up to 18 monthls. None complained of any

symptoms or showed signs of illness in any of the physical or laboratory tests that
were coxducted. In a second study, 24 volunteers ingesting the same doses for 21.5
months were observed for an additional 25.5 months, and 6 were followed for 5 years.
There was no clinical evidence of adverse effects in any of the volunteers.

In another study reported by Morgan and Roan (1994), four volunteers were
given oral doses of technical DDT ai 10 or 20 mg/day for 81 to 183 days. A battery
of hematologic and biochemical tests conducted before, during, and after exposure
detected no abnormalities.

DDT has been used on an experimental basis in an attempt to decrease serum
bilirubin levels in patients with jaundice due to liver cirrhosis. Doses ranging from
0.3 to 3.0 mg/kg/day of p,p'-DDT have been administered for periods of up to 7
months with no evidence of adverse effects (1949).

Rabello et al. (1954) suggested that exposure to DDT may cause chromatid
lesions. When they studied the lymphocytes of 33 workers in 3 plants in direct
contact with DDT, they fourd that the frequency of chromatid aberrations was not
significantly higher than that in 10 control subjects, or in 25 workers in the same
plants indirectly exposed to DDT. However, five of the subjects exposed indirectly to
DDT showed significant levels of DDT in the blood. When these workers were
included in the directly exposed group, there was a significant increase in chromatid
aberratiom compared to the controls. The ,requency of aberrations was 12% in the
exposed group, &8% in the indirectly exposed group, and 2.2% in a general
population control group. Corresponding blood plasma levels were 0.993 Ag/mI,
0.275 ig/mL, and 0.03 ug/inL, respectively.

Occupational exposure to DDT is almost exclusively through the respiratory and
dermal routes. In some. cases when the particles of insecticidal dusts, wettable
powders, and sprays are too large to reach the lower respiratory tract, the inhaled
particles are carried to the pharynx and eventually swallowed. Dermal exposure to
DDT may be high in some occupatioral situations, but the effect is minimal because
the compound is so poorly absorbed (2000).

Early studies of workers exposed to DDT did not reveal any illness attributable
to DDT or their formulations. Ortelee (1956) carried out clinical and laboratory
examinations of 40 workers, all of whom were exposed to DDT. Some were also
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eposd to other pestcides. The men had heavy exposure to DDT fo, O.4 to 6.5
years. The average amounts of DDT absorbed were estimated to range from 14 to
42 mg/man!day. Upon completion of neurologic examinations and lvet function tests,
no abnormalities were found that could be attributed to DDT exposure. There were
a few cases of minor eye and Ain irritation. Another study of occupationally exposed
workers also found no effects in those employed 11 to 19 years. Daily intake was
estimated to be 17.5 to 18 mg/man (1955).

The largest study of occupationally exposed wrkers was cond] by the World
Health Organization on DDT spraymen in Brarl and India. In Brazil,! periodic
clinical examinatiom were made of 279 spraymen exposed from 6 to 1 years and 406
controls, In the firt examination, some uiinor neurological changes were seen in the
spraymen but these were not confirmed in subsequent examinations. buring the
3-year study period, a survey of illnesses requiring medical care during !the 6 months
preceding each periodic medical examination failed to demonstrate any differences
between control sad exposed groups. The blood level of DDT in the tpraymen was
about three times that of the control group. In India, the blood levels of 144
spraymen were 7.5 to 15 timei higher than those of the controls. In the spraymen,
knee reflexes were brisker, slight tremors were present and a timed Romberg test
(differentiates between peripheral and cerebellar ataxia) was more poorly performed
by spraymen. Twenty men were then examined by a neurologist who Concluded that
the initial differences were not real or that the tests had returned to normal in the
few months between examinations. The signs were not dose-related since they
showed no correlation with DDT serum levels (1953).

There are some epidemiology studies on the carcinogericity of DDT, but [ARC
concluded that there is inadequate evidence for carcinogenicity in humans (1250). In
three studies cited by NIOSH (1991) residue levels of DDT and DDE were
significantly higher in tissues taken at autopsy from persons dying of cancer than
those dying of other causes. No association was found in four other studies. Both
Laws (1955) and Ortelee (1956) reported no evidence of cancer in the workers in
their studies. Ditraglia et al. (1325) found no excess in overall mortality among
workers exposed to DDT. They found a consistent increase in cancer mortality with
an increase in the latency period; however, the numbers involved in the analysis were
sm'lL Four of six malignant neoplasms were in the respiratory systeni

Wong et a]. (1952) conducted a prospective mortality study on 35S9 white male
workers with potential exposures to various chemicals including DDT. There were
112 deaths among 740 employees identified as having DDT exposure. No significant
increasoes in standard mortality ratios (SMRs) were noted for cause-spcific mortalities
among those exposed to DDT. A nonsignificant increase in the SM1 for respiratory
c.ncer was observed. A case-control study, including 111 individuals with chronic
lymphatic leukemia and 431 controls, was conducted to identify risk factors (various
"types of exposures including chemicals) (3218). Exposure to DDT was associated
with a crude odds ratio of 6.1 (range - 1.9 to 19.0). Casas and cot~~ eenot

matched for ag-A (cases were older) or sex distribution (cases had a igher proportionwihacueod ai f& rne-1. o1.) ae n otoswr o
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of males). Analysis of the data involving application of the Miettinen confounder
score technique, based on multiple linear regression showed that DDT was still a
strong determinant of risk (Mantel-H=enzel rate ratio - 6.0; range = 1.5 to 23).
Another case-control study showed an increased risk for non-Hodgkins lymphoma
associated with occupational exposure to organochlorine insecticides, such as DDT
(3221). The odds ratio was 1.82 (range - 1.04 to 3.02). No increase in risk was
noted for soft-tissue sarcowas, which had an odds ratio of 1.10 (range - 0.4 to 3.2).
ErMason et al. (3204), also conducted a case-control study and showed that the risk
of developing soft-tissue sarcomas was not associated with exposure to DDT.

Grant (19) reported 1 case of chronic superficial punctate keratitis associated
with fatal poisoning from long exposure to DDT dust but it is probable that it was a
hypersensitivity reaction or that other constituent; of the dut were responsible.

57.M3 Leves of Concern

The USEPA (355) specified an ambient water quality criterion of zero for DDT,
based on inductioa of liver carcinoma in mice. The concentrations of DDT in water
associated wth incremental lifetime cancer risks of IOW, 10', .!0' are 0.24, 0.024, and
0.0024 ng/L, respectiveiy, for ingesting both water and contaminated aquatic
organisms. 'Risk estimates are expressed as a probability of cancer after a lifetime
daily consumption of two liters of water and 6.5 g of fish that have bioaccumulated
DDT. Thus, a risk of 10' implies that a lifetime daily consumption of two liters of
drinking water and 6.5 g of contaminated fnh at the criterion level of 0.24 ng/L of
DDT would be expected to cause no more than one case of cancer above the normal
background incidence for every 100,000 people exposed. The incremental lifetime
cancer risks for consumption of aquatic organisms only arm the same, 0.24, 0.024, and
0.0024 ng/L, because of the extremely high bioconcentration factor (2001).

Based on the geometric mean of the potency factors derived from several studies,
a oral potency factor of 0.34 (m&/kg/day)" was derived for DDT (3744). These
studies were conducted in both rats and mice using both male and females, and the
end point for each study was benign liver tumors. The drinking water unit risk was
reported as 9.7 x 107//mg/L The inhalation potency factor was also
0.34 (mg/kg/day)' and the inhalation unit risk was 9.7 x 10"/pg/imS (3328).

IARC (1250) lists DDT in category 2B (sufficient evidence of animal
carcinogenicity and inadequate evidence for carcinogenicity in humans) in its
weight-of-evidence ranking for potential carcinogens.

The WHO (666) recommends a level of I sg/L for DDT in drinking water.

OSHA (3539) currently permits an 8-hr time-weighted average of I mg/m' for
DDT with a noiation of possible skin absorption. Th. ACGIH (3005) also has set I
mg/m' as a TWA for DDT.
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57.3.4 Hazard Awvnent

Numerus carcinogenicity studies have b--en conducted for DDT in various
animal species and, including mice, rats, hamsters, dogs, and monkeys. Some of these
studies showed p•sitive results and some showed negative results. The overall
qualitative assessment of DDT in animals studies is that there is sufficient evidence
that DDT is carcinogenic in animals, and it is classified as a B2 carcinogen by the
USEPA (3328). IARC (1250) considers DDT carcinogenic in animals and classifies it
as a group 2B compound.

Data on the activity of DDT are inadequate to define its genotoxic capabilities.
There are conflicting data regarding DDT-induced sex-linked recessive lethal
mutations in Drc1jj]l m gmt (1948, 1947, 3847), but DDT was not
mutagenic in bacterial or yeast systems (2001, 916) or in the majority of mammalian
sytems tested (1077, 1946, 1250, 1966). Chromosome breaks and exchanges were
reported in rat-kangaroo cells treated in culture with p,p'-DDT (1999), whereas
conflicting results were reported in mice in the dominant lethal assay (1947, 998,
1945, 3381).

DDT is not teratogenic (1991); however it is embryolxic and fetotoxic in rats,
mice and rabbits (1962, 1964, 1963). Multigeneration reproductive studies showed no
significant adverse effects in mice, rats and dogs (1961, 1960, 1959). DDT exhibits
weak estrogenic activity that can result in long-term effects on fertility (1981, 1982,
1966).

Marked species-variability exists in animals acutely exposed to DDT. Oral LD),
values in the rat, mouse, dog. guinea pig, inoikty, and rabbit range from 87 to 250
mg/kg (3933). DDT appears to be more toxic as a solution in vegetable oil or animal
fat than when given in petroleum f&actions (2000). When ingested, DDT acts
primarily on the CNS causing hyperexcitability. tremors, ataxia, and epileptiform
convulsions (1958, 1957, 2000). Death usually results from respiratory arrest or
ventricular fibrillation (2000). Short-term low level inhalation of DDT cause no ill
effects in rabbit3, cats, guinea pigs or monkeys; exposed rats showed mild tremor
activity (12). The dermal toxicity of DDT is dependent upon the vehicle in which it
is suspended. In rats, the dermal LD,. of DDT powder suspended in water is
1,000,000 mg/kg. while the dermal LD,, values of DDT suspended in oil solutions
ranges from 250 to 3000 mg/kg (1991). No ocular damage has been reported in
animal studies (19).

Long-term dietary exposure to DDT resulted in liver and kidney damage in a
number of animals (12,17). The no-effect level for the rat is 1.5 ppm in the diet for
18-24 months and for the dog is 30 ppm in the diet for 15.7 months (12).

In man, poLsoning generally produces perspiration, headache, and nausea at low
levels, followed by vcmiting and convulsions at higher doses (2000). The human oral
LD, value has been estimated to be 250 mg/kg (1991). Liver and heart involvement
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may result in jaundice, palpitations, tachycardia and 'irregular heart action' (59,1991).

Dermal contact with DDT does not appear to cause irritation or systemic effects
(2000). Ocular irritation has been reported following contamination of the eye with
powders containing DDT; however, 0.01% solution of pure DDT instilled into the
eye produced no effect (19).

?Io chronic toxicity was noted in humans after long-term ingestion of low doses
of DDT (1950, 1951, 1994, 1949). Conflicting reports exist on the correlation of high
tissue DDT and DDE levels and the incidence of cancer, particularly respiratory
cancer (1991, 1955, 1956. 1325, 1952), but there is no evidence that DDT is a
significant carcinogenic risk to humans.

One study reported that long-term occupational exposure may lead to
chromosome lesions (1954). The only other long-term effects associated with
occupational exposure to DDT were minor skin and eye irritation (1955, 1953). One
question:•ble case of chronic superficial punctate keratitis was associated with fatal
DDT poisoning (19).

57.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of DDT concentrations in soil and water requtres collection of a
representative field sample and laboratory analysis. Care is required to prevent losses
during sample collection and storage. Soil and water samples should be collected in
glass containers; extraction of samples should be completed within 7 days of sampling
and analysis completed within 40 day. In addition to the targeted samples, quality
control samples such as field blanks, duplicates, and spiked matrices may be specified
in the recommended methods.

EPA-approved procedures for the analysis of DDT, one of the EPA priority
pollutants, in aqueous samples -include EPA Methods 608, 625 (65), 8080, and 8250
(63). Prior to analysis, samples are extracted with methylene chloride as a solvent
using a separatory funnel or a continuous liquid-liquid extractor. The concen'trated
sample extract is solvent exchanged into hexane and an aliquot of the hexane extract
injected onto a gas chromatographic (GC) column using a solvent flush technique.
The GC column is progrAmmed to separzte the semi-volatile organic; DDT is then
detected with an electron capture detector or halogen specific detector (Methods 608
and 8080) or a mass spectrometer (Methods 625 and 8250).

Method 8080 has been recently mvaluated (3405) for the simultaneous
determination of chlorinated pesticides (C.N) and polychlorinated biphenyls (PCBs).
It was determined that CPs and PCBs were not separated using the recommended
column adsorption cleanup step which could lead to inaccurate results. Replacing the
florosil cotumn with silica gel and the packed analytical column with a capillary - :.I
coltkmn eliminated the problem. Trapping and thermal desorption methods using
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Tenax cartridges have also been used to determine pesticides in aqueous samples
(3832). The accuracy and precision of automated interpretation of mmss spectral
data have been evaluated (3017).

It should be noted that it may be necessary to cleanup sample extracts to remove
impurities that interfer with the final analysis. Gel permeation chromatography
(GPC) (Method 3640) (63), column adsorption chroamtography (Method 3620 (63),
or various teWzniques for removing sulfur (Method 3660) (63) may be used in this
case prior to GC/electron crpture or GC/mass spectrometric analysis. Interferences
from phthalates may be minimized by avoiding sample contact with all plastic
materials. 'Ihe microcoulometric and electrolytic conductivity detectors which are
more selective may also be used for determinations and will eliminate interferences
from phthalate esters.

The EPA procedures recommended for DDT analysis in soil and waste samples,
Methods 8080 and 82.50 (63), differ from the aqueous procedures primarily in the
preparation of the sample extract. Solid samples are extracted with hexane/acetone
using either soxhlet extraction or sonication methods. Neat and diluted organic
liquids may be analyzed by direct injection.

Typical DDT detection limits that can be obtained in wastewaters and
nonaqueous samples (wastes, soils, etc.) are shown below. The act ;al detection limit
achieved in a given analysis will vary with instrumnt sensitivity and matrix effects.

Agueous Detection Limit Nonagu w Detection Limit

0.12 jug/L (Method 8080) 8 Ag/kg (Method 8080 wii'i GPC cleanup)
47 14g/L (Method 8250) 3.1 #g/g (Method 8250 win 0PC cleanup)
0.012 #g/L (Method 608)
4.7 4g/L. (Method 8250)
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COMMON CAS REG.NO.- FORMULA: AIR W/V CONVERSION
SYNONYMS: 72.-458 C-,i*a4  FACTOR at 25C

l'-(2,2.i NIOSH NO:
ytidenc)bis X10700000 13.08 mg/mw • 1 ppm;

DDlx)bee SUCTURE: 0.076 ppm o 1 mg/m3.

d€hoxrtane H MOLECULAR WEIGHT:

'TDE " 1',, / 320.05
.Cct•o C2

pp -DDD CHI

One source simply reports that DDD is incompatible with
alkalies. For general compatibility class.ifcation purposes,
DDD is considered to be a halogenated organic compound.
Reactions of halogenated organic materials with cyanides,
mercaptans or other organic sulfides typically generate heat,
while those with amines, azo compounds, hydrazines,

REACTY1TY caustics, or nitrides commonly evolve heat and toxic or
flammable gases. Reactious with oxidizing mineral acids
may generateý heat, toxic gases, and fires. Those with alkali
or atkaline earth elemental metals, certain other chemically
active elemental metals like aluminium, zinc or magnesium,
organic peroxides or hydropeioxi.ies, strong oxdizing
agents, or strong reducing agents typically result in heat
generation and explosions and/or fires (23, 511).

* Physical State: Solid, crystalline
(at 20rC) (23)

* Color:. Colorless (23)
e Odor-. No data
* Odor Threshold: No data

PHYSICO- • Density:. No data
CHEMICAL 0 Freeze/Melt Point: 112.00CC (67)

DATA 0 Boiling Point: 1C9.00*C (59)
* Flash Point: Combustible solid (23,60)
0 Flammable Limits: No data
* Autoignition Temp.: No data
* Vapor Pressure: 1.30E-09 to 2.50E-09

mm Hg (at 30*C) (10)
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0 Satd. Conc. in Air:. 2.30E-05 to
4.4000E-05 mg//m' (at 20*C) (1219)

*, Solubility in Water:. 1.60E-01 mg/L
(at 24C) (67)

PHYSICO- * Viscosity-. No data
CHEMICAL * Surface Tension: No data

DATA * Log (Octanol-Water
(Cont.) Partition Coeff.): 5.56 (2147)

4, l Soil Adsorp. Coeff-: 2.40E+05 (2147)
9 Henry's Law Const.: 3.10E-05

atm .m'/mol (at 25*C) (2269)
* Bioconc. Factor: 1.74E+04 (estim) (659)

DDD is expected to be relatively immobile in the soil/
PERSISTENCE ground-water system due to its strong sorption
IN THE SOIL- properties. Volatilization may be an important loss

WATER pathway from aquatic systems but is much slower in
SYSTEM soils. Biodegradation is expected to be the predominant

fate process in soils, as DDD is considered to be more
easily degradable than DDT or DDE.

The primary pathway of concern from the
soil/ground-water system is the migration of DDD to

PATHWAYS ground water drinking water supplies. However, this is
OF not likely to occur in most situations because of DDD's

EXPOSURE low solubility and strong tendency to sorb to soil.
Uptake by crops from soil or bioaccumulation by aquatic
organisms may be important exposure pathways in some
instances.
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Sigps and Symptoms of Short-term Human E-po~sure:
(1990)
Adverse effects associated with o,p'-DDD ingestion
include nausea, vomiting, CNS depression, skin rash and
blurred vision.

Acute TojdilStudies: (3504)

SIGN:

LD50 1200 mg/kg Rabbit

*HEALTH ORAL:
HAZARD LD54 113 mg/kg Rat

DATA
Long-Term Effects: Direct or indirect effect on adrenal
strid horm~ono metabolism in humans.
Prejnancy/Neonate Data: Not teratogenic in mice,
o,p -DDD fetotoxic, but p,p' -DI)D is not.
G'e'oto~dcit, 'Data: Limited conflicting data
Carcinogenicity Classification:
IARC - None assigned
NTP - Negative evidence in mice and female rats,

equivocal in male rats,
EPA -Group B2 (probable human carcinogen;

sufficient evidence in animals and inadequate
evidence in humans)

HANDLING There are no specific handling precautions for DDD.
PRECAUIMONS Handle in the saint manner as DDT (see Record 57).
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CR1TERIA

AfLREXPOSURE LMIiTS:

Standards
0 OSHA TWA (8-br): None established
0 AFOSH PEL (8-hr TWA): None established

Criteria
* NIOSH IDLH (30-min): None established
* NIOSH REL No data
9 ACGIH TLV® (8-hr TWA): None established
* ACGIH STEL (15-min TWA): None established

WATER EXPOSURE LrThITS:

Drinking Water Standards
None established

EPA Health Advisories and Cancer Pkisk LeveL- (3744)
No Health Advisories

I-IE-04 Cancer risk: 10 14g/L

WHO Drinking Water Guideline
No information available.

EPA Ambient Water Quality Criteria
* Human Health (355)

-No criterion established due to insufficient data.

* Aquatic Life (355)
-Freshwater species

acute toidcity.
no criterion, but lowest effect level occurs at 0.6 pg/L.

chronic toxicity:
no criterion established due to insufficient data.

-Saltwater spccies
acute toxidcity-
no criterion, but lowest effect level occurs at 3.6 u.&g/I

chronic toxicity:
no criterion established due to insufficient data.

&REEEENCE DOSES:
No reference dose available.
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REGULATORY STATUS (as of 01-MAR-89)

Promulgated Regulations
* Federal Programs

leaan Water Act (CWA)
DDD is designated a hazardous substance. It has a reportable quantity
(RQ) of 0.454 kg (347, 3764). It is also listed a.,, a toxic pollutant,
subject to general pretreatment standaris for new and existing sources,
and effluent standards and guidelines (351, 3763). Under the toxic
pollutant effluent standards, DDD (a DDT me'.abolite) is prohibited in
any disciarge from DDT manufacturerr or formulaters. The ambient
water criterion for DDT and its isomers in navigible waters is 0.001
ug/L This standard applies to all discharges of process wastes from
manufacturing and storag2 areas subject to Lirect contamiuation by
DDT and its isomers through stormwater runoff or routine cleanup,
and cleanup of spills (805). Effluent limitations specific to this
chemical have been set in the following point source categories"
electroplating (3767), steam ele,.tric power generating (3802), and
metal finishing (3768). The limitatiors set are Ior the Amount of total
toxic organs (O) disharge p per day. DDD is included
when calculating the TO. Efuent l'nitations in the pesticide
chemicals manufacturing point source category are set at 0.010 kg/1000
kg of organic pesticide chemicals (including DDD) maximum for any
one day (891).

Safe Drini Water Act (SDWA)
In states with an a pproved Underground Injection Control program, a
permit is required for the injection of DDD-containing wastes
designated as hazardous under RCRA (295).

Resource Conservation and Recovery Act (RCRA)
DDD is identified as a hazardous waste (U060) and listed as a
hazardous waste constituent (3783, 3784). DDD is included on EPA's
ground-water monitoring list. EPA requires that all hazardous waste
treatment, storage, and disposal facilities monitor their ground-water
for chemicals on this list when suspected contamination is first detected
and annually thereafter (3775). Effective July 8, 1987, the land
disposal of untreated hazardous wastes that contain halogenated
organic compounds in total concentrations greater than or equal to
100mg/kg will be prohibited. Effective August 8, 1988, underground
injection into deep wells of these wastes is prohibited. Certain
variances exist until May, 1990 for land and injection well disposal of
some wastewaters and nonwastewaters for which Bes. Demonstrated
Available Technology (BDAT) treatment standards have not been
promulgated by EPA (3786). EPA requires that non-liquid hazardous
wastes containing halogenated organic compounds (HOC&) in total
concentrations greoter than or equal to 1000 mg/kg or liquid hazardous
wastes containing 1HOCs in total concentrations greater than or equal
to 1% HC.Ks must N- incinerated in accordance with the requirements
of 40CFR26.-,4.343 or .265.343 (3782).

Li
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Comtrdiensive EnvironmenWal Resorgns Comrensation and Liability
&t (CERC.A)

,7' DDD is designated a hazardous substance under CERCLA. It has a

reportable quantity limit of 0.454 kg. Reportable quantities have
also been issued for RCRA hazardous waste streams containing
DDD but these depend upon the concentrations of the chemicals in
the waste stream (3766).

Federal Iecticide. Fungicide and Rodenticide (FIFRA)
Action levels for the sum of DDT, DDE and DDD residues in
agricultural commodities range from 0.05 to 0.5 ppm (889). As of
January 1, 1989, EPA is canceling registrations and denying
applications of all dicofol products containing greater than 0.1% of
DDT and related impurities (2268).

Marine Protection Research and Sanctuaries Act (MWRSA)
Ocean dumping of organohalogen compounds as well as the
dumping of known or suspected carcinogens, mutagens or teratogens
is prohibited except when they are present as trace contaminants.
Permit applicants are exempt from these regulations if they can
demonstrate that such chemical constituents are non-toxic and
non-bioaccumulative in the marine environment or are rapidly
rendered harmless by physical, chemical or biological processes in
the sea (309).

Occupational Safety and HealthAct (OSHA)
Employee exposure to DDT shall not exceed an 8-hour
time-weighted average (TWA) of I mg/rm3. DDD is a DDT
metabolite (3539).

Hazardous Materials Transportation Act (HMTA)
The Department of Transportation has designated DDT a hazardous
substance with a reportable quantity of 0.454 kg, subject to
requirements for packaging, labeling, and transportation (3180).

Food. Drug and Cosmetic Act (FDCA)
The following action levels are recommended for the sum of DDT,
DDE and DDD residues:

- 0.1 ppm in dried hops
. 1.25 ppm in manufactured dairy products
- 1.0 ppm in peppermint oil, spearmint oil and in crude

soybean oil (888)

•,• -,'
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* State Water Programs
ALL UATM
All states have adopted EPA Ambient W tcr Quality Ciiteria and
NPDWRs (see Water Exposure Limits se~tion) as their promulgated
state regulations, either by narrative reference or by relisting the
specific numeric criteria. These states have promulgated additional or
more stringet criteria:

DISTRICT Of COQ•OT
The District of Columbia has set a humar health criterion of 0 jg/L
for DDT and its isomers in the public wa er supplies (3828).

LOUI5ANA
Louisiana has a water quality criterion of .6 ggll. for DDD in fresh
waters and 3.6 1g/L in marine v-aters (3406).
NEW-N YORK L !

New York has an MCL of 5 jug/L for D D in drinking water, an
ambient water quality standard of 0.01 /ugiL for surface waters classed
for drinkling water supply, and requires DDD to be nondetectable in
ground-water (3501).

Pronosed Reulati0ns
* Federal Prograims

No proposed regulations are pending.

* State Water Programs
No proposed regulations are pending. Mst states are in the process
of revising their waLer programs and proposing changes in their
regulations which will follow EPA's changes when they become final.
Contact with the state officer is advised. Changes are projected for
1989-90 (3683).
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Direive on Drinking Water (533)
The mandatory values for total pesticides in surface water treatment
categories Al, A2 and A3 used or intended for abstraction of drinking
water are 0.001, 0.0025 and 0.005 mgI, respectively. There are no
guideline values.

Directive Relating to the Oualitv of Water for Human Consumption

Th total maximum allowable concentration for pesticides and related
products is 0.5 Ag/L.

Directive on Ground-Water (538)
Direct discharge into ground-water (i.e., without percolation through
the ground or subsoil) of organophosphorous compounds,
oganohalogen compounds and substances which may form such
compounds in the aquatic environment, substances which possess
cacinogenic, mutagenic or teratogenic properties in or via the aquatic
environment and mineral oils and hydrocarbons is prohibited.
Appropriate measures deemed necessary to prevent indirect discharge
into ground-water (Le., via percolation through ground or subsoil) of
these substances shall be taken by member countries.

Directive on Bathjn& Water Ouality (534)
When inspection of a bathing area shows that heavy metals, pesticides
or cyanides may be present, concentrations should be checked by
competent authorities.

Directive on the Ouality Reguired of Shellfish Waters (537)
The mandatory specifications for organohalogenated substances specify
that the concentratiorn oi each substance in the shellfish water or in
shellfish flesh must not reach or exceed a level which has harmfu!
effects on the shellfish and larvae. The guideline specifications for
organohalogenated substances state that the concentration of each
substance in shellf'sh flesh must be so limited that it contributes to the
high quality of shellfish product.

Directive.on the Discharge of Dangerous Substances (535)
Organohalogens, organophosphates, petroleum hydrocarbons,
carcinogens or substances which have a deleterious effect on the taste
and/or odor of human food derived from aquatic environments cannot
be discharged into inland surface waters, territorial waters or internal
coastal waters without prior authorization from member countries
which issue emission standards. A system of zero- emission applies to
discharge of these substances into ground-water.
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Directive on Toc and Dan -zrous Wastes (542)
Any installation, establishment, or underuking which produces, holds
and/or disposes of certain toxic and dangerous wastes including phenols
and phenol compounds; organic-halogen compounds; chrome
compounds; lead compounds; cyanides; ethers and aromatic polycycic
compounds (with carcinogenic effects) shall keep a record of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used for disposing of such
waste.

D~rectr/e on the Limit Values and Quality Obiwtives for Discharges of
Certain Danrerous Substances (1792)
Pursuant to the Directive on the Discharge of Dangerous Substances
the quality objective for p,p'-DDT is 10 14g/L For total DDT
(including isomers) the quality objective is 25 ug/L The emission
standard of DDT and isomers for DDT prcduction is 0.7 mg/L water
discharged as a monthly average and 1.3 mg/L water discharged as a
daily averag-. These regulations must be complied with as of January
1, 198&

EEC Directives - Pro2nosed
Pronosal for a Council Directive on the Dumping of Waste at Sea
(1793)
EEC has proposed that the dumping of organohalogen compounds at
sea be prohibited.

Ii
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58.1 MAJOR USES

DDD is not produced commercially in the U.S. and no longer has any registered
uses (1118). It was formerly used for controlling pests on vegetables and tobacco
(59). The pure c,p* -DDD isomer, specially synthesized, has been used for the
trcatmcnt of adrenocortical carcinomas and for the over production of adrenal
cortical steroids under the generic name, mitotane (2002).

58.2 ENVIRONMENTAL FATE AND EXPOSURE PATIWAYS

58.2.1 Trwnpct in So/rouadwater Systn=

58.2.1.1 Oveý

Although it is no longer manufactured commercially, DDD is still found as an
impurity in the pesticide DDT nd the miticide dicofoL It is also the major
breakdown product of DDT under anaerobic conditions. The p,p' isomer of DDD is
the third largest component of the technical DDT product after the two DDT
isomers, accounting for >4% of the mixture (2145). It is present in-somewhat lower
concentrations in dicofoL In one study of several dicofol products (2164), DDD was
present in amounts ;anging from 0.1 to 2.5% of the amount of dicofoL Like DDT,
DDD is expectel to be highly immobile in the soil/ground-water environment when
present at low dissolved concentrations. Bulk quantities of DDD dissolved in an
organic solvent could be transported through the unsaturated zoos as a result of a
spill or the improper disposal of excess formulations. However, the extremely low
solubility of DDD and its strong tendency to sorb to soil organic carbon results in a
very slow transport rate in soils. In general, transport pathways can be assessed by
using an equihibrium partitioning model as shown in Table 58-1. These calculations
predict the partitioning of low soil concentrations of DDD among soil particles, soil
water, and soil air. Due to its strong sorption to soil, virtually all of the DDD
partitions to the soil particles of unsaturated top soil and negligible amounts to the
soil air or water. Even in saturated deep soil, which is assumed to contain no soil
air, and a smaller organic carbon fraction, almost all of the DDD is retained on the
soil.r5& 1.24 Sorption on Sols

DDD, like DDT, is characterized by a strong tendency to sorb to soil organic
carbon. Although only one measured K, value for DDD was found (log K,. = 5.38)
(2147), it is consistent with the value obtained for DDT, as would be expected based
on the similarity of their structures and their octanol-water partition coefficients
(DDD log K, = 556) (2147). As with all neutral organic chemicals, the extent of
DDD sorption is proportional to the soil organic carbon content. In soils with little
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TABLE 58-1
EQUILIBRIUM PARTIONING CALCULATONS FOR DDD

IN MODEL ENVIRONMENTS•

Soil Estimated Percent of Total Me.s cf Chemical in Each Compartmert
SEnvironment soi Soil-Water Soil-Air

Unsaturated 100 2.2E-03 &3E-06
topsoil at

Saturated 99.9 9.9E-02
deep soil"

a) Calculations based on Mackay's equilibrum partitioning model (34, 35, 36); see
Introduction in Volume I for description of model and environmental conditionis
chosen to represent an unsaturated topsoil and saturated deep soil. Calculated
percentages should be considered as rough estimates and used only for general

b) Soil sorpt~on coefficient: K, - 240,000 (2147).
c) Henry's law constant taken as 3.IE-05 atm. m'/mol at 25*C (2269).
d) Used sorption coefficient K. = 0.001 x K.

organic carbon (e.g., clays) the extent of sorption may also depend upon such soil
properties as surface area, cation exchange capacity, and degree of hydration.

The sorption of DDD to soils is lessened; thus, its mobility is enhanced by the
presence of dissolved organic matter in solution. As described in Chapter 57, Section
57.2, the apparent solubility of DDT was increased several times in solutions
containing humic and fulvic acids. Because the sorption behavior of DDD is
expected to be much like that of DDT, its mobility in natural waters may t-. several
times greater than predicted (though probably still small) if dissolved organic matter is
present. This may be especially important in waters containing large concentrations
of dissolved organic matter, such as swami and bogs.

592.113 Volatflizatý iloa r Sodls

The vapor pressures of the p,p '-and o,p'-isomers of DDD at 30'C have been
measured as 13E-09 and 2.5E-09 atm, respectively (10). The Henry's law constant
estimated by use of the average vapor pressure of the two isomers and an aqueous
solubiiity of 20 ppb (10) is 3.1E-05 atm. m'/mol (2269). This value is almost identical
to that for DDT and roughly an order of magnitude less than that for DDE.

•L1:':
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Experimental evidence indicates that DDD volatilization from wzter occurs at
about one-third the rate for DDT (10), which may seem at odds with the similar
estimates for the Henry's law constants for these two compounds. Given the
uncertainties involved in measuring both the aqueous solubilities and the vapor
pressures of these compounds, from which H is estimated, the findings cannot be
considered inconsistent. Using a factor of one-third for the difference in the rate of
volatilization of DDD and DDT, a volatilization half-life. z-r DDD ranging from a day
to less than a monthihas been estimated (10).

Volatilization of DDD from soils can be expected to be much slower than from
water, because of the strong tendency of DDD to sorb to soil. Using wet river bed
quartz sand in If m deep petri dishes, Ware et al. (2270) measured volatilization
losses of p,p*-DDD ýpresent initially at 10 ppm) corresponding to a volatilization
balf-life of roughly 170 days, which is slightly more than twice that for p,p'-DDT
under th% same conditions. Because these experiments were conducted with a
relatively thin layer c•f soil with a small organic carbon fractioa, the actual
volatilization rate of DDD in the field would be expected to be lower. If the relative
volatilization rates of DDD and DDT in the field were the same as those observed
by Ware et al., the volatilization half-life of DDD from soil could be assumed to be
double the value of one to several years for DDT (808, 2151).

64.2.2 Tranformati Processes in SoVkound-water Systems

Hydrolysis of DDD can be expected to be extremely slow under environmental
conditions. Over the pH range typical of natural waters (pH 5-9), Wolfe et al.
(2154) found the pseudo-first-order rate constant (k,) at 27*C could be expressed as:

k,, 1.IE-10 + 1.4E-03. [OH],

where k, is in s"1 aind [OH], the concentration of the hydroxide ion, in moles/liter.
Hydrolysis half-lives of roughly 1.6, 88, and 190 years at pH 9, 7, and 5, respectively,
correspond to the rate constant estimated from this equation. These estimates are
consistent with the observations of Eichelberger and Lichtenberg (2274) that DDD,
initially present in river water at 20 ppb, was not degraded over an eight week period
(within 2.5%).

No information was found on t'ie photolysis of DDD in natural waters. Direct
photolysis of DDD (i.e., in pure water) is believed to be slower than that for DDT,
whlch is estimated to have a half-life of over 150 years (10). However, DDT in
naaral water has been estimated to have a photolysis half-life of 5 days when
exposed to sunlight In mid-June (2155), and DDD might be expected to have a
similar half-life based on the similar structure of the two chemicals.

Data on the biodegradation of DDD are limited. In aquatic systems,
biotransformation is believed to be slow (10), although a model ecosystem study has
shown DL D to be more biodegradable than either DDT or DDE (2303). Thc
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ketone analogue of DDD (Le., p,p'-dichlorobenzophenone) has been sitggested as
the end product of the biodegradation of DDD in the environment (10, 213). DDD
undergoes dehydrocblorination to 2,2-bis.(p-chlorophenyl)-l-chloroethylene, reduction
to 2,2-bis-(p-chlorophenyl)-l-chlorethane, dehydrochiorination to 2,2-bis-(p-
chlorophenyl)-ethylene, reduction to 1,1.bis(p-chlorophenyl)-ethane, and eventual
oxidation to bis-(p-chlorophenyl)- acetic acid (DDA), the ultimate excretory product
of higher animals (213). DDD has also been observed to degrade in anaerobic
sewage sludge (2157).

AM2. Primatry Routes ai Eqpour from So rround-wutesf Systemos

The above discussion ef fate pathways suggests that DDD is moderately volatile,
very strongly sorbed to scil, and has a high potential for bioaccumulation. These fate
chzracteristica suggest 'everal potential exposure pathways.

The volatilization of DDD from a disposal site and the consequent exposure to
workers and recidents in the area is possible due to the volatility of DDD. Its strong
sorption to soil will tend to minimize this exposure pathway, as well as limiting its
concentration in ground water. DDD was not among a list of 230 chemicals or
groups of 546 National Priority List sites (83). It would not be expected to be found
at dispoyal sites unless such pesticides as DDT or DDD had been disposed of there.

The movement of DDD in ground water or its movement with soil particles may
result in the discharge to surface waters. As a result, exposure by ingestion may
occur from surface waters used as drinking water sipplies, and dermal exposures may
result from the recreational use of surface waters. More important, however, is the
potential for uptake of DDD by aquatic organisms or domestic animals. The high
bioconcentration factor and persistence of DDD suggest that ingestion of these
organisms can be an important exposure pathway from soil/ground-water systems.

58.2.4 Other Source of Human Exposure

The use of pesticide products containing DDD has been prohibited in the U.S.
since the early 1970's (2305), and the widespread use of DDT was banned as of
January 1, 1973 (213). Because DDD is both a contaminan: of technical DDT, as
well as a breakdown product of DDT, its concentration in the environment has
decreased since that time. DDT is still used in Mexico and other %muntries (2163),
and DDD can be expected to be found in foods imported from those countries. The
miticide dicofol, which contains DDD and DDT as an impurity, is still in use in the
U.S., but as of January 1, 1989 contamination by DDT-related compounds will be
limited to 0.1% of the dicofol content (2268). Because less DDD and DDT are now
being introduced into the environment, the year in which exposure studies were
conducted should always be noted.

No data on the ambient air concentrations of DDD were found in the literature.
However, p,p'-DDD was detected in rain samples collected over Lake Superior in

~ ~ ~~ - ~ ~ rT
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1983 at a volume-weighted concentration of 0.11 ng/L (2304). Rapaport et aL (2163)
suggested that atmospheric transport of DDT from Central America and Mexico and
its subsequent deposition in eastern North America makes up 10 to 20% of the peak
Iwces (awound 1960). Because DDD is a contaminant of technical DDT, similar
tansport of it is likely.

Dietary intake of DDD is expected to be small The total daily dietary intake
for adulis in the U-. was estimated to be <0.001 jug/kg body weight in 1979, whereas
none was detected for the three previous years (1245). Th1 compares to an average
daily intake of roughly 0.16 jug/kg between 1965 and 1970 (213). For toddlers (2
years old) and infants (6 months old), the total daily intake was estimated t3 be 0.001
and 0.003 jg/rg, respectively, in 1979 (1244). Vegetables were the wle source of
DDD in the diets of infantz and toddlers, whereas meat, fish, poultry and eafy
vegetables accounted for all of the DDD in adult diets.

58.3 HUMAN HEALTH CONSIDERATIONS

5831 Animal Studies

523.1.1 Curcinogpnicity

Carcinogenicity studies of DDD have been conducted in rats and mice. The NCI
administered technical-grade DDD in feed to Osborne-Mendel rats and B6C3F, mice.
Time-weighted-average concentrations were 1647 or 3294 ppm for male rats. 850 or
1700 ppm for female rats and 411 or 822 ppm for male and female mice. Animals
were dosed for 78 weeks with an additional observation period of 35 weeks for rats
and 15 weeks for mice. No evidence of carcinogenicity was found in female rats or
mice of either sex. Male rats L,,d ,a s'pificantly increased incidence of follicular-cell
adenomas and carc,''mw (cz•.baied) of the thyroid (33% in the low-dose group and
22% in the high-dose grop compared with 5% in controls), suggesting a possile
carcinogenic effect of DDD in male rats (2005).

Tomatis et al. (2003) observed lung and liver tumors in CF-1 mice fed diets
containing 250 p4-)m p,p -DDD for their lifetime. Aderomas and adenocarcinomas of
the lung were seen in 86% and 73% of the treated males and females, respectively,
compared with 54% in control males and 41% in control females.

58.3.1.2 Mutagenicity

DDD was not genotoxic in J•- cterial reversion assay systems with five strains of
Salmonella �.imunurI (TA98, TAI00, TA1535, TA1537, TA1538) and one strain of

p. - (WP2 HCR) (1108). Mortelmans et aL (3469) also found it negative in four
of the rbove strains tested with and without two different sources of metabolic
activation. Highly significant increases in reverse mutation rates were observed in two
strains of Srratia marcmscens in a mouse host-mediated assay, whereas no increase in
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revesion was observed in a spot test using these bacteria, suggesting that DDD is
activated to a mutagenic agent by the host organism (916).

In a cultured rat-kangaroo cell line, p,p'-DDD produced a twofold increase in
chromosome abnormalities as compared with the o,p '-isomer. At a concentration of
10 Isg/L, p,p'-DDD caused chromosome damage in 15.5% of the cells. Damage
consisted of single and multiple chromatid breaks and abnormal metaphases (1999).
Mahr and Miltenburger (3419) treated fl14FAF28 Chinese hanmter cells in culture
and observed significant increases in chromosome breaks and gaps. Maslansky and
Williams (3431) did not observe an increase in unscheduled DNA synthesis in
cultured hepatocytes of rat, mouse and Syrian hamster. DDD also caused transforma-
tions in mouse embryo cells, witL a frequency of 2.2% at a concentration of 28.4 pM.
Thee transformed cells, however, were not tumorigenic when inoculated into mice
(1998). No human cell culture s.udies were found in the literature published to date.

50.13 Teralonicity, Emb ta'city and Reproduc&ie Effects

DDD does not exhibit the same estrogenic effccts that are exhibited by DDT.
Welch et al. (1989) showed that a single ip injection of 50 mg/kg produced little or
no effect on the uterine. weight of Sprague-Dawley rats. An increase in uterine
weight is an in Mha test for estrogenic activity.

rDD may permanently alter neuroendocrine differentiation in female rats. The
minimal effective dose for inducing persistent vaginal estrus and anovulation was 0.1
mg on days 2, 3, and 4 of life. As the dcse increased, the syndrome appeared earlier
in life. Uterine histology was markedly changed in adult rats that grew from neonates
treated with high doses (59).

The two isomers of DDD, p,p'-DDD and o,p-DDD, gave different results when
tested in -ice in a NCI teratogenicity study (3030). Offsprings of dams exposed
subcutaneously to 46.4 or 100 mg/kg of p,p'-DDD on days 6 to 14 of gestation,
showed no evidence of fetotexicity or teratogenicity. With the same exposure
conditions, dams exposed to 100 or 215 mg/kg of o,p-DDD produced a reduced'
number of live neonates per litter and an increase in mortality' of pups from day I to
day & No consistent increase in teratogenic effects was observed in any group.

58.3.1.4 Other Tonicologic Effects

583.1.4.1 Short-term Toxicity

In animals, DDD is less toxic than DDT. Poisonings have a slower onset and a
longer duration. In contrast to DDT poisonings, lethargy is more prominent and
convulsions are less frequent (19).

DDD is present in tistues, because it is a primary metabolite of DDT. It is
further broken down to DDA which is readily excreted in the urine either unchanged

Li
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or as various metabolites. The main action of DDD, especially the o,p'-isomer, is on
the liver, where it stimulates the hepatic micosomal oxygenatioi of drugs and
corticosteroids. This may explain much of its action on steroid metabolism in a wide
variety of spcies, but it does not explain why DDD is unique in its ability to affect
the adrenal gland. Its ability to induce adrenocortical atrophy in dogs was the
original basis for its use in the treatment of adrenal cortical carcinomas in man.

In dogs, DDD caused gross atrophy of the adrenal gland and degeneration of the
cells of its inner cortex. A dote as low as 4 mg/kg/day of the o,p'-isomer produced
gross atrophy, wheren the dose of technical grade DDD required to pioduze the
same effect was 50 to 200 mg/kg/day (duration of exposure was no: given).
Progressive hypotensive failure was seen in dogs given 50 mg/kg/day for 14 days when
they were injected with epinephrine or norepinephrine. The hypotemive failure was
associated with weakening of the contractile force of the heart and with a reduction
in plasma volume (2000).

DDD causes no detectable histological damage to the adrenal gland of rats, mice,
rabbits, monkeys, or humans, but may affect steroid production by the adrenal gland
(3279). Kupfer (1993) suggested that the adrenal effects observed in these species
may be caused by a direct or indirect effect on steroid production.

Other effects noted in rats were changes in the indicators of metabolic rate, such

as food intake and oxygen consumption. Dosages of 1000 ppm caused an increased
thyroid gland weight, and dosages of 3000 ppm also caused reduction in food intake,
oxygen consumption, and body weight gain and an increased rate of cooling upon
exposure to cold air leading the authors to conclud-, that DDD resulted in
hypothyroidism in the rat (1992). Length of exposure was not reported.

RTECS reports an oral LD, of 113 mg/kg in rats and a dermal LD,. of 1200

mg/kg in rabbits (3504).

There were no reports on the effects of ocular or dermal exposure in animals.

5EL3.1.4.2 Chronic Toxicity

Chronic feeding of DDD resulted in liver, lung and thyroid tumors in mice and
rats. These studies are discussed in Section 58.3.1.1. No other information was
available.
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58.3.1.1 No oahe information i available

X3.2 Human and EpWecmio1o SbtUds

583.2.1 Sxort4en Tcmcokogic Effecs

A human LDLo of 5000 mg/kg has been reported for DDD (51). The only
human data that are available for DDD are related to its use (as the drug mitotane)
in the treatment of adrenal cortical carcinomas and Cushing's syndrome due to
adrenal hyperplasia (3279). Its pharmacological effect in man is caused by an
alteration in peripheral cortisol metabolism leading to a reduction in
17-hydroxycorticosteroids and an increased formation of 6-B-hydroxycortisol.
Stimulation of cortisol metabolism appears to be related to the induction of liver
microsomal enzymes (1995). According to Southern et aL (3673, 3674) the effect of
DDD is not due, predominately, to a direct effect on the adrenal gland, but
continued treatment may directly affect the adrenals. The large doses (usually 8 to
10 g) required to produce clinical benefit often cause some toxic effects (1990).
Toxic symptoms have been observed in 87% of patients ingesting DDD. These
include nausea, vomiting, CNS depression and skin rash (1995). Infrequently
occurring side effects on the eyes are blurring, diplopia, lens opacity and toxic
retinopathy (1990). The toxic effects are reversible after discontinuation of the drug
(1995). Dosages between 110 and 140 mg/kg/day did not produce any detectable
injury to the liver, kidney, or bone marrow (2000).

583.2.2 Chronic Toxico,, Effects

"Long-term' administration of o,p'-DDD at doses higher than 3 g/day results in
adrenal cortical atrophy (1995). Morgan and Roan (1994) reported that no
abnormalities or harmful effects were detected in a man ingesting 5 mg p,p'-DDD
for 81 days. DDD given to a 10-year girt at a dose of 7.5 g/day for a total of 9 kg
did not cause side effects (3284, as cited in 3279). The therapeutic use of DDD,
whether short-term or long-term, is related to its effect on adrenal steroid hormone
metabolism (3279)

58%3.3 Level of Cocern

No standards have been established for human exposure to DDD. The USEPA
has calculated a IE-04 cancer risk level of 10 gg/L (3744).

583.4 Hazard Asaesunent

DDD may be carcinogenic in male Osborne-Mendel rats, as evidenced by an
increased incidence of thyroid tumors after feeding i647 and 3294 ppm (2005). No
carcinogenic effect was observed in female rats fed levels up to 1700 ppm or B6C3F1
mice of either sex fed ip to 822 ppm for 78 weeks (2005). Another experiment

LJ
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conducted with CF-I mice resulted in an increase in the incidence of lung tumors in
both sex=s exposed to 250 ppm DDD in the diet for their lifetime.

Genotoxicity data provide conflicting results. A bacterial reversion test in a
mouse host-mediated asy indicated a mutagenic effect for DDD (916), and
chromosome aberrations were induced in rat kangaroo cells in culture (1999) and in
cultured Chinese hamster cells (3419). DDD also caused transformations of mouse
embryo cells; however, these transformed cells were not tumorigenic when injected
into mice (1998). Bacterial assays were also negative (1108, 3469). Therefore, the
mutagenic potential of DDD is unclear based on available data. DDD dces not
exhibit the estrogenic effects exhibited by DDT and DDE (1989). DDD may induce
persistent vaginal estrus and anovulation in female rats at doses as low as 0.1 mg
(59). DDD was not teratogenic in studies conducted by N7P (3030), but it did cause
some fetotoxicity.

DDD appears to be less toxic than DDT, with a slower onset of toxic effects;
lethargy is prominent, but convulsions occur less frequently than after DDT exposure
(19). Gross atrophy of the adrenals was observed in dogs at levels as low as 4
mg/kg/day of the o,p'-isomer or 50 to 200 mg/kg/day of technical grade DDD (2000).
No detectable histological damage to the adrenals was noted in rats, mice, rabbits,
monkeys or hutans (3279), but effects resulting in altered steroid production were
noted.

A purified form of DDD used at rather high levels (usually 8-10 g)
therapeutically in humans to treat adrenal cortical carcinomas and Cushing's
syndrome, produce some toxic side effects (1990, 1995). The effects were reversed
upon removal from DDD expoture (1995). Dosages between 110-140 mg/kg/day did
not produce any detectable injury to the liver, kidney or bone marrow (2000), but
doses as high as 7.5 g/kg/day may also be tolerated without discernable side effects.

5&4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of DDD concentrations in soil and water requires collection of a
representative field sample and laboratory analysis. Care is required to prevent losses
during sample collection and storage. Soil and water samples should be collected in
glass containers; extraction of samples should be completed within 7 days of sampling
and analysis completed within 40 days. In addition to the targeted samples, quality
ccontrol samples, such as field blanks, c4uplicates, and spiked matrices may be specified
w the recommended methods.

EPA-approved procedures for the analysis of DDD, one of the EPA priority
pollutants, in aqueous samples include EPA Methods 608, 625 (63), 8080, anc! 8250
(63). Prior to analysis, samples are extracied with methylene chloride as a solvent in
a separatory funnel or a continuous liquid-liquid extractor. The concentrated sample
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extract is solvent exchanged into hexae and an aliquot of the hexane extract is
injected onto a gas chromatographic (GrC) column using a solvent flush technique.
The GC column is programmed to separate the semi-volatile organics; DIDD is then
detected with an elec..ron capture detector (Methods 608 and 8080) or a mass
spectrometer (Methods 625 and 8250).

The EPA procedures recommended for DIDD analysis in soil and waste samples,
Methods 808 and 8250 (63), differ from the aqueous procedures primarily in the
preparation of the sample extract. SOWi 3amples are extracted with hexane/acetone
using erither soxhiet extraction or son;,ation methods. Neat and diluted organic
liquids may be analyzed by direct injecion.

Typical DIDD detection limits that can be obtained in wastewaters and
non-aqueous samples (wastes, soils, etc.) are shown below. The actual detection limit
achieved in a given analysis will vary with instrument sensitivity and matrix effects.

Maucous Detctwion Limit Non-Agueous Detection Limit

0,011 jig/L (Method 608) 1 t~glg (Method 808)
0.012 gg/L (Method 8080) 1 lig/g (Method 8250)
2.8 Msg/L (Method 625/8Z50)
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COMMON CAS REG.NO- FORMULA. AIR W/V CONVERSION
SYNONYMS: 72-55-9 C14Hs0 4  FACTOR at 25 "C

1,1'-(dichloro NIOSH NC:
ethefnyw ) KV9450000 12.99 mgIm3= 1 ppm;
bi$(4-CMo 0.077 ppm = 1 ng/ml.benzene) SMUTRUR
DDhlorpheEr- C MOLECULAR WEIGHT:

aloroewzCH y C c! 31&02

C-Ct2

DDE is an impurity in DDT residues and is of similar
REACTIVITY molecular structure to DDT. Its reactivity with- other

compounds is therefore also expected to be similar (see
Chapter 57).

* Physical State: Solid, crystalline
(at 20*C) (59)

* Color. White (59)
* Odor: No data
* Odor Threshold: No data
* Density- No data
* Freeze/Melt Point: 8&40*C (59)
* Boiling Point: No data

PHYSICO- 0 Flash Point: Combustible solid (60)
CHEMICAL 0 Flammable Limits: No data

DATA 0 Autoignidion Temp.: No data
• Vapor Fressure: 6.2 to 6.60E-06

mm Hg (at 20C) (10)
0 Satd. Conc. in Air: 1.1E-01 mg/ni 3 (at 20*C) (1219)
* Solub-3ity in Water. 4E-02 mg/L (at 20*C) (67)
• Viscosity:. No data
• Surface Tcnsion: No data
* Log (Octanol-Water Partition Coeff.):

5.69 (p,p'isomer), 5.78 (o,p'isomer) (10)
* Soil Adsorp. Coeff.: 2.57E+05 (652)
0 Henry's Law Const.: 1.90E-04 atm m'/inol

(at 210C (2269)
* Bioconc. Factor:. 1.1OE+05 (bluegill) (2001)
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DDE is expected to be relatively immobile in the soil/
ground-water system due to its strong sorption
properties. Volatilizon may be an important loss

PERSISTENCE pAthway from aquatic systems but is much slower in
IN THE SOIL- soils. Tramlocation of sorbed DDE with soil particles

WATER may be important. Biodegradation is expected to be the
SYSTEM predominant fate process in soils not exposed to sun-

light, but occurs extremely slowly. Photolysis is expected
to be the dominant degradation processin soils exposed
to sunlight.

The primary pathway of cwncern £omm the soil/grouud-
water system is the min-g.ion of DDE to ground wat'3r

PATHWAYS drinking water supplies. However, this is not likely to
OF occur in most situatiors because of DDE's low solubility

E.2OSURE and strong tendency to sorb to soil. Uptake by crops
from soil or bioaccumulation by aquatic organisms or
domestic animals may be important exposure ,nathways in
some instances.

Sig•s and S=Rntorns of Short-term Human Exposure:

There are no reports of acute human exposure to DDE.

Acute Toxicity Studies:

HEALTH ORAL:
HAZARD LD5. 880 mg/kg Rat (3504)

DATA
Long-Term Effects: Liver damage
Pregnancy/Neonate Data: Not teratogenic, fetotoxic or
enrbotoxic in rnts.
Genotoxicity Data: Limited evidence but only in culture
and at high concentrations
Carcinogenicity Classificaticn:
IARC - None assigned
NTP - Positive evidence mice, negative rats
EPA - Group B2 (probable human carcinogen)

HANDLING There are no specific handling precautions for DDE.
PRECAUTIONS Handle in the same manner as DDT (see Record 57).

S.. .. . ,, , u n II I nI
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ENVMIRONMENAL AND OCCUPATIONAL STANDARDS AND
CRITERL4

AIR EXPOSIME L=MT:

Standards
* OSHA TWA (8-hr): None established
0 AFOSH 2EL (8-hr TWA): None established

Criteria
0 NIOSH ID:LJH (30-mmn): None established
0 NIOSH REL- no data
0 ACGMl ThV6 (8-hr TWA): None established
* ACGIH STEL (15-mmn): None cstablished

WAT~EREXOSURE LIMTTS:

Drinkging Water Standards
None established

EPA Health Advisories and Cancer Risk Levels f3744)
No Health Ad .sories

-IE-04 Cancer risk. 10 ug/L

D,'H -~rj~ Vh~te Guideline
No informniviu available.

EPA Ambient Water Quality Criteri
* Human Health (355)

*No criterion established due to insufficient data.

* Aquatic Life (355)
-Freshwater speces

acute toxdicty-~
no criterion, but lowest effect level occurs at 1050 gg/L

chronic toxicity:
no criterion established due to insufficient data.

-Saltwater species
acute toxicity:
no criterion, but iowest effect level occurs at 14 j4gtL

chr,:nic toxidcity:

no criterion established due to insufficient data.

IZF-I F.R NCEJOýSES:
No reference dose available.
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REGULATORY STATUS (as of 01-MAR-89)

Promul ated Retulations
* Federal Programs

Clean Water Act (CWA)
DDE is listed as a toxic pollutant, subject to general pretreatment
standards for new and existing sources, and effluent standards and
guidelines (351, 3763). Under the toxic pollutant effluent standards,DDE (DDT mi:.tabolite) is prohibie in any discharge, from DDT
manufacturers or formulators. The ambient water criterion for DDT
and its isomers in navigable waters is 0.001 iug/L. This standard applies
to all discharges of process wastes from manufacturing and storage
areas subject to direct contamination by DDT and its isomers through
stormwater runoff or routine cleanup, and cleanup of spills (805).
Effluent limitations specific to this chemical have been set in the
following point source categories: electroplating (3767), steam electric
power generating (3802) and metal finishing (3768). The limitations
set are for the amount of total toxic or anics (TTO). discharge
permitted per day. DDE is included when calculating the TTO.
Elluent limitations in the pesticide chemicals manufacturing point
source category are set at 0.010 kg/1000 kg of organic pesticide
chemicals (including DDE) maximum for any one day (891).

Resounxr Conservation and Recovery Act (RCRA)
DDE is listed as a hazardous waste constituent (3783). DDE is
included on EPA's ground-water monitoring list. EPA requires that all
hazardous waste treatment, storage, and disposal facilities monitor their
rund-water for chemicals on this list when suspected contamination is

t detected and annually thereafter (3775). Effective July 8, 1987,
the land disposal of untreated, hazardous wastes containing halo genated
organic compounds in total concentrations greater than or equal to
1000 mg/kg will be prohibited. Effective August 8, 1988, underground
injection into deep wells of these wastes is prohibited. Certain
variances exist until May, 1990 for land and injection well disposal of.
some wastewaters, nonwastewaters, and soils for which Best
Demonstrated Available Technology (BDAT) treatment standards bave
not been promulgated by EPA (37&5). EPA requires th- non-liquid
hazardous wastes containing halogenated organic compotunds (HOCs)
in total concentrations greater than or equal to 1000 mg/kg or liquid
hazardous wastes containing HOCs in total concentrations greater than
or equal to 1% liOCs must be incinerated in accordance with the
requirements of 40CFR264.343 or 265.343 (3782).

Com2rrehersive Environmental Res.porse C~zmpeNatirn and Liabiliy
Act (CEPCL.A)
DDE is designated a hizardous substance under CERACIA It has aji reportable quantity limit of 0.454 kg. Reportable quantities have also
been issued for RCRa, hazardous waste streams containing DDE but
these depend upon the concentrations of the chemicals in the waste
stream (3766).

L..=m
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Federal Insecticide. FunZicidg and Rodenticide Act (FIFRA)
Action levels for the sum of DDT, DDE and DDD residues in
agricultural commodities range from 0.05 to 0.5 ppm (889). As of
January 1, 1989, EPA is cancelling iegistrations and denying
applications of all dicofol products containing greater than 0.1% of
DDT and related impurities (2268).

Marine Protection Research and Sanctuaries Act (MPRSA)
Ocean dumping of organohalogen compounds as well as the
dumping of known o," suspected carcinogens, mutagens or teratogens
is prohibited except when they are present as trace contaminants.
Permit applicants are exempt from these regulations if they can
"demonstrate that such chemical constituents are non-toxic and
non-bioaccumulative in the marine environment or are rapidly
rendered harmless by physical, chemical or biological processes in
the sea (309).

Occupational Safety and Health Act (OSHA)
Employee exposure to DDT shall not exceed an 8-bour time-
weighted average (TWA) of I mg/in. DDD is a mietabolite. of PD"
(3539).

1iaz~.d~us Materials Transportation At (HMTA)
The Department of Transportation has designated DDD a hazardous
substance with a reportable quantity of 0.454 kg, subject to
requiremeats for packaging, labeling, and transportation (3180).

Food. Drul and Cosmetic Act (TFDCA)
The folowing action levels are recommended for the sum of DDT,
DDE and DDD residues: 0.1 ppm in dried hops, 1.25 ppm in
manufa.tured dairy produ'cts, 1.0 ppm in peppermint oil, spearmint
oil and in crude soybean oil (888)

0 State Watetr Programs

All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Exposure Limits section) as their promulgated
state regulations, either by narrative reference or by relisting the
specific numeric criteria. These state have promulgated additional
or more stringent criteria:

DISTRICT OF COL 9IA
The District of Cc!umbii has a human health criterion of 0 'ug/L for
DDT and its isomers in surface water classed for public water supply
(3828).

N'EW YORK
New York has an MCL of 5 14g/L for DDE in drinking water, an
ambient water quality standard of 0.01 jMg/L for surface water -lased
for drinking water supply, and requires DDE to be nondctectable in
ground-water (3501).



59-6 DDE

erovtosed Regulations

0 Federal Programs
No proposed regulations are pending.

e State Water Programs
No proposed regulations are pending. Most states are in the process
of revising their water programs and proposing changes in their
regulations which will follow EPA's changes when they become final.
Contact with the state officer is advised. Changes are projected for
1989.90 (3683).

EEC Directive
Directive On Drinking Water (533)
The mandatory values for total pesticides in surface water treatment
categories Al, A2 and A3 used or intended for abstraction of drinking
water are 0.001, 0.0025 and 0.005 mg/L, respectively. There are no
guidelir- values. I

Directive Relating to the Quality of Wate' for Human ronsumptiou
(540)
The total maximum allowable concentration for pesticides and related
products is 0.5 ug/L

Directive on Ground-Watel (538)
Direct discharge into ground-water (i.e., without percolation through
the ground or subsoil) of organophosphorouts compounds,
organohalogen compounds and substances which may form such
compounds in the aquatic environment, substances which possess
carcinogenic, mutagenic or teratogeaic properties in or via the aquatic
environment and mineral oilsI nd hydrocarbons is prohibited.
Appropriate measures deemed necessary to prevent indirect discharge
into ground-water (Le., via percolation through ground or subsoil) of
these substances shall be tzken by member countries.

Directive on Bathing Water 'Oiality (534)
When inspection of a bathing area shows that heavy metals, pesticides
or cyanides may be present, concentrations should be checked by
competent authorities. i

Directive on the Quality Rebuir•d of Shellfish Waters (537)
The mandatory specifications for organohalogenated substances specify
that the concentration of each substanc: in the shellfish water or in
shellfish flesh must not reach or exceed a level which has harmful
effects on the shellfish and larvae. The guideline specifications for
organohalogenated substances state that the concentration of each
substance in shellfish iOesh must be so lir-;ted that it contributes to the
high quality of shellfish product.
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Directive on the Discharge of Dangerous Substances (535)
Organohalogens, organophosphates, petroleum hydrocarbons,
carcinogens or substances which have a deleterious effect on the taste
and/or odor of human food derived from aquatic' environments cannot
be' discharged into inland surface waters, territorial waters or internal
coastal waters without prior authorization from member countries
which issue emission standardL. A system of zero- emission applies to
discharge of these substances into ground-water.

Directive on Toxic and Dangerous Wastes (542)
Any installation, establishmen4 or undertaking which produces, holds
and/or disposes of certain toxic and dangerous wastes including phenols
and phenol compounds; organic-halogen compounds; chrome
compounds; lead compounds; cyanides; ethers and aromatic polycyclic
compounds (with carcinogcnic effects) shall keep a record of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used for disposing of such
waste.

Directive on the Limit Valug-and Quality Obiectives for Discharges ot
Certain Danerots Substances (1792)
Pursuant to the Directive on the Discharge of Dangerous Substances
the quality objective for p,p'-DDTis 10 ig/L. For total DDT
(including isomers), the quality objective is 25 /tg/L. The emission
standard of DDT and isomers for DDT production is 0.7 mgtt water
discharged as a monthly average and 1.3 mg/L water discharged as a
daily average. These regulations must be complied to as of January 1,
198&

EEC Directives - Prposed
Proosal for a Council Directive on the Dumping of Waste at Sea
(1793)
EEC has proposed that the dumping of organohalogen compounds at
sea be prohibited.
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59.1 MAJOR USES

DDE is neither produced nor used commercially in the United States (59). It is
a degradation product of DDT (see Chapter 57) and is found as a contaminant in
technical grade DDT. DDE is also present in mammalian systems as a DDT
metabolite (59, 2001).

59.2 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS

5921 Transoirt in Soilrytmd-Water Systen

592-1.1 Overview

The presence of DDE in the environment is primarily the result of the use of
the insecticide DDT and the miticide dicofoL DDE is the principal degradation
product of DDT under aerobic conditions, and it has been found to equal roughly
1-3% of the weight of dicofol in the technical mixture (2164).

Like DDT, DDE exists as both an o,p' and a p,p' isomer, with the o,p' and the
p,p' isomers of DDT degrading to the respective DDE isomer. Because technical
DDT consists of 65-80% p,I'-DDT and 15-21% o,p'-DDT, (2145), the p,p'-DDE
isomer might be expected to predominate in the environment. In dicofol, however,
the o,p' isomer typically makes up 80-90% of the DDE present (2164). Thc two
isomers of DDE are considered individually below where data are available.

Like DDT, DDE is expected to be highly immobile in the soillground-water
environment when present at low dissolved concentrations. Bulk quentities of DDE
dissolved in an organic solvent (e.g., as a contaminant in dicofol) could be transportcd
through the unsaturated zone as a result of a spill or improper disposal of excess
formulations. However, the extremely low solubility of DDE and its strong tendency
to sorb to soils would result in a very slow transport rate in soils.

In general, transport pathways can be assessed by using sn equilibrium
partitioning model, as shown in Table 59-1. These calculations predict the
partitioning of low soil concentrations of DDE among soil particles, soil water and
soil air. Due to its strong tendency to sorb to soil, virtually all of the DDE partitions
to the soil particles of unsaturated topsoil, with negligible amounts associated with the
soil water or air. Even in saturated deep soil, which is assumed to cont-:in no soil air
and a smaller organic carbon fraction, almost all of the DDE is retained on the soil.
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TABLE 59-1
EQUILIBRIUM PARTITIONING CALCULATIONS FOR DDE'

IN MODEL ENVIRONMENTS

Soil Estimated Percent of Total Mas of Cheglical in Each C.mpartment
Environment Soil Soil-Water Soil-Air

Unsaturated 100 2.0E-03 4.8E-05
topsoil at
25"*

Saturated 99.9 9.3E-02
deep soil"

a) Calculations based on Mackay's equilibrium partitioning model (34, 35, 36); see
Introduction in Volume 1 for description of model and environmental conditions
chosen to represent an unsaturated topsoil and saturated deep soil. Calculated
percentages should be considered as rough estimates and used only for general
guidance.

b) Estimated soil sorption coefficient: K,, - 257,000 (652).
c) Henry's law constant taken as 1.9E-04 atm. m'/mol at 25"C (2269).
d), Used sorption coefficient K, = 0.001 K,,.

592.1.2 Sorption on Soils

DDE is characterized by a strong tendency to sorb to organic matter in soils and
in sediments. Only one value, log K.,, = 5.17 (2147), was found in the literature for
the soil organic carbon partition coefficient. A log K. value of roughly 5 has been
suggested based on log K.,. measurements of 5.69 for the p,p' isomer and 5.78 for the
o,p' isomer (10). Using the geometric mean of these K,. values and the regression
equation of Means et aL (611), a log KI value of 5.41 is estimated. As with all
neutral organic chemicals, the extent of sorption is proportional to the soil orgAnic
carbon content. In soils with little organic carbon (e.g., clays), the extent of sorption
may also depend upon soil properties such as surface area, cation exchange capacity,
and degree of hydration.

The apparent sorption of DDE to soils and sediments (like that of DDT), is
lessened, and thus its mobility is enhariced by the presence of dissolved organic
matter. As descnrbed in Chapter 57, Section 57., DDT concentrations were found to
be higher in aqueous solutions containing humic and fulvic acids. Because the
sorption behavior of DDE is expected to be much aike that of DDT, its mobility in
natural waters may be several times greater then predicted (though probably still
small) if dissolved organic maatter is present. In waters containing large
concentrations of dissolved organic matter, such as swamps and bogs, this may be
especially important.
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5921.3 Vol~alizabo from So&

The vapor pressure of p,p'-isomer of DDE at 20'C has been given as &7E-09
ct, and that of the op' isomer as &2E-09 atm (10). A somewhat lower value of
rouO.My eight times the vapor pressure of DDT has been suggested by Sleicher and
Hopcr•,t (2153). Using the average vapor pressures for the two isomers to estimate
the Henv's law constant, a value of 1.9E-04 atm.m3/mol is obtained (2269).

This estiate is roughly an order of magnitude larger than the Henry's law
constant for LDT. Because volatilization losses for DDT are expected to be
important, the ý =e is also true for DDE. DDE has been found to volatilize from
distilled and natu'j1 waters five times faster than DDT (10). Since the volatilization
half-life for DDT ,ias been reported to range from several hours to several days (see
Section 572.1.3), pt,rportionately shorter half-lives would be expected for DDE.

In soils, volatilizat1 , n of DDE is much slower. Using wet river bed, quartz sand
in 15 mm deep petri dis,'es, Ware et A (2270) measured volatilization losses of
p,p'-DDE (present initiall, at 10 ppm) that corresponded to a half-life of roughly 40
days. This value may be more indicative of an upper limit of the volatilization rate
because soils of higher organsc matter content would tend to sorb more of the DDE,
and the rate of volatilization %,)uld be expected to be lower from thicker layers of
soil. In the same study and uncitr the same conditions, the o,p' isomer of DDT took
50% longer to reach half its init-id concentration; p,p'-DDT took twice as long. This
suggests that the volatilization of ODE in the field may occur at a rate somewhat
greater than that for DDT, which hs been found to have a volatilization half-life of
one to several years (808, 2151). TV: observation that the volatilization rate of DDE
from soil is not several times the rate for DDT, given that it has an order of
magnitude larger Henry's law constant, may be explained by its strong sorption to soil,
which tends to impede volatilization.

59.22 Transformation Processes in Soilii-ound-water Systems

DDE is the hydrolysis product of DDT and is quite resistant to further
hydrolysis. A hydrolysis half-life of over 120 years at pH 5 and 27C has been given
(10). Thus, hydrolysis is not e-pected to be an environmentally significant process.

Several studies have examined the aqueous photolysis of DDE Zepp and
Schlotzhauer (2271) found that DDE in the aqueous phase of sediment suspensions
exposed to ultraviolet light of wavelength >300 nm had a half-life of roughly 13 to

J 17 bours. Under the same conditions, DDE equilibratzd with sediment for 60 days
(i.e., sorbed to the sediment) photodegraded much more slowly. To reach 25% of its

i . initial concentration, roughly seven half-lives were needed instead of the expected
t, two, and little further degradation occurred. The authors suggested that over time,

part of the DDE diffused into the sediment particles and became unavailable for
photolysis. Chen et aL (1220) found the thin film photodegradation rate of p,p'-DDE
to be about 90% of that for p,p'-DDT, and the half-life of DDE in aquatic systems
at 40'N latitude has been estimated to range from one day in summer to six days in

• L i I I I I I I
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winter (10). These findings suggest that photolysis of DDE may be an important loss
Sa it is for DDT. However, for photolysis to occur, the chemical must be
to sunlight, which often is not the case for a large fraction of the amount

"sotbed to soils or deep sediments.

The biological degradation of DDE in aquatic environments is believed to occur
vryslowly if at all (10). In modeling the fate of DDE in a quarry, Di Toro and
Paquin (2272) considered biodegradation to be insignificant compared to loss by
photolysis and volatilization. The half-life for biodegradation in sediments has also

n found to be extremely slow. Using radiolabel A p,p'-DDE mixed with river
iment, Lee and Ryan (2273) measured a half-life of 1100 days based on the

es•olution of CO2. In short, photolysis appers to be the only degradation process
ti at affects DDE significantly under environmental conditions.

.3Prima Routes of Exmpouc ftom SoOround-watcr Syttems

The above discussion of fate pathways suggests that DDE is moderately volatile,
very strongly sorbed to soil, and has a high potential for bioaccumulation. These fate I:
characteristics suggest several potential exposure pathways. 7<

The volatilization of DDE from a disposal site and the consequent exposure toworkers and residents in the area is possible due to the vol tility of DDE. However,

is strong sorption to soil will tend to minimize this exposure pathway as well as
limiting its concentration in ground-water. Mitre (83) reported that DDE was
detected at one of 546 National Priority List sites. In that case, it was found only in
su Iface water, not in ground-water or air.

The movement of DDE in ground-water or its movement with soil particles may
result in the discharge to surface water. As a result, ingestion exposures may occur
f m the use of suriace waters as drinking water supplies. Dermal exposures may
rult from the recreational use of surface waters. More important, however, is the
potential for uptake of DDE by aquati: organisms or domestic animals. The high
bioconcentration factor and the persistence of DDE suggest that ingestion of these
or anisms can be an important exposure pathway from soil/ground-water systems.

"5124 Other Sources of Human Expcgure

I The widespread use of DDT was banned as of January 1, 1973 (213). Since
DDE is the principal degradation product of DDT under aerobic conditions, its
cýncentration in the environment, like that of DDT, has decreased since then. DDT
is still used in Mexico and other countries (2163), and DDE can be expected to be
found in food imported from these countries. The miticide dicofol, which contains
both DDT and DDE as impurities, is still in use in the U.S., but am of January 1,
1989, contamination by DDT-related compounds will be limited to 0.1% of the
di~ofol content (22M).



DDE

Schafer et ,4. (1241) found that more than 30% of over 450 finished drinking
water samples collected between 1964 and 1967 Lrom the Mississippi and Missouri
Rivers contained p,p'-DDE. DDE was detected in 48% of 5333 ambient water
samples taken across the U.S. during the early 1960's; the median concentration was
0.001 ;&g/L (1417). It was also found in 60% of 1087 surface water sediments
sampled at median concentration of 0.1 MAg/kg.

DDE it also present in the air. Mean concentrations of 0.093 ngfm' p,p'-DDE
were measured in Columbia, South Carolina between 1977 and 1980, and in 1980, the
mean concentration over Denver was 0.021 ng/m3 (1600). Between 1970 and 1972,
c.p'-DDE was detected in over 95% of the air samples in 16 states at a mean
-wncentration of 1.8 ng/m' (76). The deposition of DDT in eastern North America
has been estimated to equal 10-20% of that occurring during peak usage of DDT in
the 1960's (2163). This suggests that atmcpheric concentrations of DDE may also
be about 10-20% of their past peaks because agiiculturil use of DDT (today in
Mexico and Central America) is still the primary source of DDE.

Human exposure to DDE in water and air is expected to be small compared to
dietary intake. The total daily dietary intake for adults in the U.S. was estimated to
be 0.087 lg/kg body weight in 1979 (1245). This compares to an average intake of
roughly 0.24 Mg/kg/day between 1965 and 1970 (213). For toddlers (2-years old) and
infants (6-months old), the total daily intake was estimated to be 0.089 and 0.110
•,g/ki body weight, respectively, in 1979 (1244). Dairy products and meat, fish, and
poult,, were the major sources of DDE in the diets of all three age groups.

59.3 HUMAN HEALTH CONSIDERATIONS

59.3.1 Animal Studies

59.3.1.1 Carcinogenikty

DDE induces liver tumors in mice and hamsters but not in rats (2003, 2004,
2005).

The National Cancer Institute (NCI) administered time-weighted- average doses of
148 or 261 ppm p,p'-DDE suspended in corn oil and incorporated into the diet of
B6C3F, mice for a 78 week period with an additional observation period of 15 weeks.
Among both sexes there was a statistically significant association between the
concentration of DDE administered and the incidence of hepatocellular carcinomas.
No carcinomas were observed in tJ- control groups. In low-dose males and females,
the incidence was 17% and 40%, respectively. In high-dose animals there was a 36%
incidence in males and a 71% incidence in females (2005). Tomatis et al. (2003)
found that lifetime exposure of CF-i mice to 250 ppm p,p'-DDE suspei,-cJ in olive
oil and incorporated in the diet resulted in a high incidence and early appearance of
liver tumors. Hepatomas were found in 74% of the males aWd 98% of the females
compared with 34% of control males and 1% of coutrol females. In animals dying
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Sbefore the 90th week of age., liver tumors were observed in 40.7% of the males and
!-• 81-•q• of the females.

/

•:,: pp'-DDE suspeuded in olive oil also had a neoplastic effect in Syrian golden
hamsters fed diets containing 500 or I000 ppm for life. Hepatocellular tumors
classified as neoplastic nodules v,,ere observed in the Iow-dos• group in 15% of the
females and 47% of the males and in the high-dc¢,€ group in 21% of the females and
33% of the males. None of the control animals had these tumors. In addition,
adrenocortical adenomas, which have a high spontaneou• incidence in this strain, were
more frequent in treated animals •an in controls (2004).

"l'n¢ NCI found no evidence of •genicity of pp'-DDE in Osborre-Mendel
rats although hepatotoxk: effects were observed. Males were admin•ste,• time-
weighted-average doses of 437 or 839 ppm and females recei',,ed time-weighted-
average doses of 242 or 462 ppm. The animals all received the DDE suspended in
corn oil and mixed in t•ir fe• and were dosed for 78 weeks followed by a 35-week
observation period. Hepatotoxic effects wh.:ch were observed included centrilobular
necr•ls (12% in low-dose art'S-rials and 18% in high-dose animals) and fatty
metamorphosis in the hepatoeytes (38% in low-dose animals a,,d 41% in high-dose
•

59.3.1.2 •ty

DDE has given only negative results when *.ested in bacterial systems. There w-•
no increased frequency of histidine reve.rsions in all strains of •almonella typhimurium

,_ tested both with and without metabolic activation (2001, 3469, 3159, 3424), no
increase in tryptophane reversions (3159), and no significant difference in the rec-

S..... assay using Escherichia •oli (3159, 3424).

i. Vogel (3817) did not observe an increase in sex.linked recessive lethals when
" DrosoDhila were fed DDF_., but Valencia et aL (3810) fed males 10,000 ppm and

found it to be positive.

DDE induces point mutations and chromosomal aberrations in some lines of
mammalian cells treated in vitro. Clive et aL (3989) observed an increase in mutants

..., at the thymidine kinase locus a.•. did McGregor et al. (3439) using concentrations as
.: low as 25 •g/•L DDE preAuced • significant increase in the mutation frequency at

the HPRT locus in Chinese hamster ovary cells (3021) and in V79 Chinese hamster
cells at a dos• of 25-35 •g/rnL, and an increase in chromosome aberrations when the
cells were exp•',ed to 35-40/•g/mL for 24 hours (1996). Conversely, Galloway et al
(3235) did not observe an increwse in aberrations in ,..•nese hamster ovary cells
treated in culture, and only a slight increase in sister chromatid exchanges. M•hr and
Miltenburger (3419) observed significant increases in chromosomal aberrations in
another strain of Chinese hamster cells treated with a d•,e of 44 ppm for 4 hrs.
DDE also produced chromosomal abnormalities in a cultur• rat-kangaroo cell line
(1999). At a concentration of 10 #g/mL, the pp' isomer caused chromatid breaks
and exchanges in 13.7% of the cells.

,%
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In an i tIM mouse embryo cell culture system, DDE showed a slight increase in
transformaton frequency at high concentrations. Transformed cells, however, were
not tumorigenic when incculated into mice. Concentrations of DDE ranged from 2.8
to 42.6 pM (1998).

DDE also gave negative res',ults in an in vivo mouse host-mediated bioassay with
Salmonella tvhimurium and in two strains of Serratia marcescens (916, 3092).

593.13 Teraloenicity, Embrt ty and RqxrductiPv Effects

,DDE exhibits some estrogenic effect with the o,p'-isomer being more potent.
Forster et al. (1983) tested both DDE isomers for their ability to inhibit specific
binding of estradiol to uterine cytosol and nuclear fractions. The o,p'-isomer
inhibited the binding indicating estrogenic activity. The p,p'-isomer was inactive. The
test species was not reported. Intraperitoneal injection of 50 mg/kg of p,p-DDE to
rats did not increase uterine weight nor did it inhibit the uptake of estradiol-17B by
the uterus (1989). The o,p'-isomer was not tested. When evaluated for the ability to
increase uterine glycogen, another indicator of estrogenic activity, the o,p'-isomer was
found to be active while the p,p'-isomer was inactive (1980, 1991).

The effect of p,p'-DDE on lactation in rats was studied by Kornbrust et al.
(3376). DDE was administered in doses of 10 mg/kg to female rats 5 days/week for 5
weeks prior to mating and throughout gestation. No effect was observed on coital
behavior, fertility, length of gestation, sex distribution, or viability of the offsprings.
These results are in agreement with Bleyl et al. (3071) who treated rats with 50 ppm
of DDE in diet for 10 weeks. The treatment was halted for 2 weeks before mating.
In this study no effects on pre- or postimplantation embryo loss, litter size, or birth
weight were observed. Ossification of the thorax of the DDE-tr-:ated offsprings was
similar to that of the control pups on g-statiou day 20. No teratogenic or
embryotoxic effects were observed in either of the abc-ie studies.

593.1.4 Other Toicologic Effects

593.4.1 Short-term Toxicity

DDE has an oral LD, value of 880 mg/kg in male rats (59) and 1240 mg/kg in
female rats (2001). LD, values reported in mice were 700 and 1000 mg/kg; sex was
not specified (2000). Signs of acute exposure were not reported.

In mammali3n species, DDE is formed by the dehydrochlorination of the tri-
chloroethane moiety of DDT. The p,p'-isomer of DDE is the most stable and is
retained most strongly in mammalian tissues whereas the o,p'-isomer is less persistent.
DDE comprises about 20% of all DDT-derived residues in the livers of rats and mice
fed DDT versus 2% in hamsters. In contrast, rhesus monk-eys fed DDT did not store
DDE at detectable amounts in the fat or liver. They metabolize DDT almost

,//
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cxclusively by the DDD pathway. Also, when fed DDE, they stored high levels of
DDE, a further indication of their inability to convert DDT to DDE (2001, 1994).

Acute toxic effects of DDE administration other than the induction of liver
enzymes in rodents (2000, 2001) have not been reported.

59.31.4.2 Chronki Toxicity

Effects of long-term DDE exposure were evaluated during the carcinogenicity
studies conducted by the NCI and Rossi et aL In the NCI bioassay (2005), DDE
caused toxic hepatopathy in rats which was manifested by centrilobular necrosis and
fatty metamorphosis in the hepatocytes. There were isolated instances of tremors,
ataxia and loss of equilibrium. Rossi et e!. (2004) observed no convulsions or tremors
in treated hamsters

Tomatis et aL (2003) reported a reduced lifespan in both male and female CF-I
.mce treated with 250 ppm p,p'-DDE in the diet for 130 weeks. Myocardial necrosis
and diffuse hemorrhages, leukocytic infiltration, and fibroblastic reaction developed in
36.6% of the treated males.

59.3.2 Human an Epidemioloic Studics

59.3.2.1 Shot-term Taicologic Effects

DDE, the metabolite of DDT, does not undergo any additional biotrans-
formation, but is stored for an indefinite period of time, in the adipose tissue (1263).
The conversion of DDT to DDE occurs slowly. The biological half-life of DDE is
"approximately 8 years (59). Morgan and Roan (1994) estimated the conversion rate
to be less than 20% over 3 years. This is in sharp contrast to the efficiency of
absorption and storage of p,p'-DDE itself. DDE ingestion increases serum DDE
levels 30 times as fast per unit dose as does DDT ingestion. Similarly, DDE in
at.ipose tissue increases 13 times as fast in response to DDE ingestion as it dces
during DDT ingestion. The distribution of DDE into other orgam generally parallels
their fat content. Other areas where DDE tends to concentrate are the bone
marrow ard the lymph nodes (1991). Other than these metabolic studies, there ar,
no reports of acute human exposure to DDE.

593.2.2 hronk Toicoiopc Effects

Morgan and Roan (1994) conducted the only study on the effects of chronic
DDE administration, They administered 5 mg p,p'-DDE orally to one subject for 92
day. Hematologic and zlinicai biochemical tests were conducted before, during and
after exposure. No abnormalities were detected.

Storage of DDE in man may be affected by enzyme inducers such as pheno-
barbital and diphenylhydantoin. Volunteers given diphenylhydantoin at a rate of 300
mg/ddy for 9 months showed a 61% reduction ia DDE storage. Epileptics on



59-16 DDE

"maintenance doses' of diphenylhydantoin or phenobarbital stored little or no DDE in
their fat or blood (1991).

Rashad et aL (1991) reported a significant association between serum cholesterol
and p,p'-DDE. Details of the study were not given, but the investigators attributed
an increase in cholesterol to liver stimulation by p,p'-DDE

5933 lXIVo(fOW=

No standards have been established to date for DDE The EPA has derived a
1E-04 cancer risk level of 10 jAL (3744).

593.4 Hazard Ansmec•zt

Liver tumors were induced in mice fed 148-261 ppm DDE and hamsters fed
500-1000 ppm (2003, 2004, 2005) but no carcinogenic effect was observed in 'rats fed
levels up to 839 ppm of p,p'-DDE for 78 weeks (2005).

There is no evidence that DDE is capable of inducing genotoxic effects in
bacterial cells, and there 'is conflicting evidence that it causes point mutations and
chromosomal aberrations in mammalian cells in culture (1996-1999, 3419, 3021, 3439).
Negative in vivo rcsults were reported, for host-mediated assays in mice (916, 3092),
and transformed mouse embryo cells failed to induce a tumorigenic response when
inoculated into mice (19.98). The mutagenic potential of DDE is therefore unclear
based on available data. No tertogenicity studies have been conducted with DDE
The o,p'-isomer does exhibit sn:e estrogenic effects (1983, 1980).

Males appear to be more. susceptible to the acute toxic effecis of DDE with oral
LD,. values reported as 880 -ind 12-10 mg/kg for the male and female rat, respectively
(59, 2001). Signs of acute exposure to DDE have not been reported.

In addition to tremors, ataxia and a los of equilibrium, hepatotoxicity,
characterized by centrilobular necrosis and fatty metamorphosis, has been reported
following chronic ingestion of DDE by rats (2005). Reduced lifespan, leukocytic
infiltration, and fibroblastic reaction have been reported for CF-i mice (2003).

The only reports of DDE exposure in humans are from metabolic trials in
controlled laboratory settings (1263, 1994, 1991). DDE is stored primarily in fat,
bone marrow and lymph nodes (1991) with a biological h'alf-life of approximately 8
years in man (59).

Oral administration of 5 mg of p,p'-DDE to ,ne human volunteer for 92 days
produced no observed adverse effects (1994).

!I
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59.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of DDE concentrations in soil and water requires collection of a
representative field sample and laboratory analysis. Care is required to prevent losses
during sample collection and storage. Soil and water samples should be collected in
glass containers; extraction of samples should be completed within 7 days of sampling
and analysis completed within 40 days. In addition to the targeted samples, quality
control samples such as field blanks, duplicates, and spiked matrices may be specified
in the recommended methods.

EPA-approved procedures for the analysis of DDE, one of the EPA priority
pollutants, in aqueous samples include EPA Methods 60, 625 (65), 8080, and 8250
(63). Prior to analysis, samples are extracted with methylene chloride as a solvent
using a separatory funnel or a continuous liquid-liquid extractor. The concentrated
sample extract is solvent exchanged into hexane and an aliquot of the hexane extrac,
injected onto a gas chromatographic (GC) column using a solvent flush technique.
The GC column is programmed to separate the semi-volatile organics; DDE is then
detected with an electron capture detector or halogen specific detector (Methoxds 608
and 8080) or a mass spectrometer (Methods 625 and 82.50).

Other method which have been developed to determine DDE and other trace
level pesticides involve column preconcentration where the aqueous ,4ample is passed
through an adsorbent bed to trap the compound of interest (3122, 3176). DDE is
then eluted with an organic solvent and analyzed by GC.

The EPA procedures recommended for DDE analysis in soil and waste samplcs,
Methods 80M and 8250 (63), differ from the aqueous procedures primarily in the
preparation of the sample extract. Solid samples are extracted using either soxhlet
extraction or sonicadon methods. Neat and diluted organic liquids may be analyzed
by direct injection.

Typical DDE detection limits that can be obtained in wastewaters and non-
aqueous samples (wastes, soils. etc.) are shown below. The actual detection limit
achieved in a given analysis will vary with instrument sensitivity and matrix effects.

0.004 ug/L (Method 608) 2.7 ug&kg (Method 8W.O)
5.6 pg/L (Method 625) 3.7 jpg/g (Method 82-50)

56 ,ug/L (Method 8250)
0.04,14g/. (Method 8080)
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COMMON CAS REG.NO. FORMUIA- AIR WNV CONVERSION
SYNONYMS: 947- CAi0zO, FACTOR at 250C

Z4-D NIOSH NO:
2,4-Dk~heoxnMx AG692S00 9.03 mg/in' z 1 ppm;

-ei ai 0.1107 ppm= ) mg/rn'.
DiwmcR* 0 MOLECULAR WEiGHT:,

0--C"3-C-OH221.04

Cl C

For general compatibility classification purposes, 2,4-D is
considered to be both an organic acid and a halogenated
organic compound. Reactions of organic aci05 with amnines,
caustics or nitriles typically evolve heat, while those with
oxidizing mineral acids, azo )r diazo compou~nds, hydrazines,
or isocyanates evolve heat anca usuall itinccuous gases.
Reactions with nitrides, strong zeducing agents, and certain
elemental mietals may evolve flanugble gases and possible
heat, while those with alkali of alkalinz earth elemental
metals may also cause a fire. Reacxucns with 'inorganic
fluorides or sulfides, or stron; o-tidizing agents may evolve
to-xic gases and possible heat. Rezctions with cyanides or
dithiocarbamates may produce both toxic and flammable

REACTVI gases, with the later classification also poucing heat.
Reactions with alcohols, glycols, aldehyU s epoxides, or
polymerizabie compounds may initiate a violent exothermic

polymerization reaction. Explosive materials may explode.
Reactions of halogenated o-.ganic materials with cyanides,

mercaptans or other organic sulfides typically generate heat,
while those with mineral acids, amines, azo compounds,
hydrazines, caustics, or nitrides commonly evolve heat and
toxic or flammable gases. Reactions with oxidizing mineral
acids may generate heat, toxic gasems and fires. Those with
alkali and chemically active elemen~tal metals like aluminum,
zinc or magnesium, organic peroxides -)r hydroperoxides,
strong oxidizing agent:, or strong reducing agents typically
result in heat generation and explosions and/or fires.. (511)

*19 Physicai State: Solid, powder
I (at 20*C) (54)

PHYSICO- * Color: White to yellow (2,54)
CHEMICAL 0 Odor: none to slight phenolic odor (Z,54)

DATA 0 Odor Threshold: no data
9 Density- 1.5650 gtmL (at 300C) (59)

0 Freeze/Melt Point: 138.0 to 141.0*C (2Z51)
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A oiling Point: 160.000 C under 0.4
mm Hg pressure (2)

* Flash Point: Combustibility of
various formulations varies over
wide range. (1734)

* Flammable Limits: No data
• Autoignition Temp.: No data
* Vapor Pressure: <1.00E-05 mm Hg,

(minimum is <.0001) (at 25°C) (507)
* Satd. Conc. in Air. 1.2000E-01 mg/m3

(at 20*C) (1219)
PHYSICO- * Solubility in Water 6.20E+02 mg/L

CHEMICAL (at 25C) (1118)
DATA * Viscosity: Not pertinent

* Surface Tension: Not pertinent
0 Log (Octanol-Water Partition

Coeff.): 2.81 (2150)
* Soil Adsorp. Coeff.: 6.00E+01 (1210)
0 Henry's Law COast.: 1.90E-1O

atm. m'/mol (a! 20*C) (1210)
• Bioconc. Factor. 3.10E+01 (estin) (659)

PERSISfENCE 2,4-D is expected to be relatively mobile but
IN THE SOIL- non-persistent in natural soils due to limited sorption

WATER and relatively rapid degradation. Risk of groundwater
SYSTEM contamination is low except under ..onditions of heavy

application, high soil pH and heavy rainfall shortly after
application.

The primary pathway of concern from tbe
PATHWAYS soil/ground-water system is the migration of 2,4-D to

OF groundwater drinkir~g water supplies. Degradation in the
EXPOSURE environment will minimize exposure by this pathway,

however. Other exposure pathways are unlikely tc be
significant.

" a II II I I I II LI "
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and Symptoms of Short-term Human Erpoxure:

.Assive exposure to 2,4-D may cause wcakncs,, stupor,
muscle twitching and convulsions. Contact may cause
skin rash.

Acute Tord31ity Studies:

ORAL
LDO, 370 mgikg Hat
LID), 347 mgkg Mouse
LD. 500 mg/kg Hamster

F.TH LD. 100 mg/kg Dog
]AZARD LDý. 80 mg/kg Human

DATA LDL. 93 mg/kg Himan

SKIN:
LDI, 1500 mg&,(g Rat
LD, 1400 mg/kg Rabbit

.onlum tff: =: t Wcgmi,=o... ..

Carcinoge ricity Clavtilcatioa:
JARC. None assigned (inadequate evidence in

Animals)
NTP - None assigned
EPA - Group D (not c %ifrible as to humancarcinogen!I-ty)

Handle chemical ontv with adequate ventilation
0 Concr,-itrations of 10-10 mgm': Any chemical car-
trida/ s-ýpirator with an orgsanic vapor cartridge and
duzi f1'!er, including pesticide respirators which meet the
requirements of thss class or any supplied-air rcspi-ator
or any self-containd breathiig apparatus * 100,-5X)
mg/Mr: A gas mask with a chimtyle or a front or- back.
mounted orgamc vapor canister and dust and mist fi!ter,
including pesticide respir-itors which ,ncet the reqvire-

,-NDLING meaets of this class or any supplied-air respirator with, a
PRECAUTIONS full facepiece. helmet or hood or any self-containedbreathing at;paratus with a full facepie' or a type C

supplied-air respirator operat-ed in presu.e-demand or
oiaer pcieive presm-!ire or continuous-flow mode
* >500 mg/m': Self- contained breathing apparatus Aith
a full facepiece operated !n pre urf<lemnnnu or other
positive pressure mode A CThemical ggg-es if there is a
probability of eye contact * Protective clothing to
prevent repeited or prolonged skin contact.

WMMWMMM
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ENVIRONMENTAL AND OCCIUPAT!ONAL STANDARDS AND CRITERIA

AIR ED IMMMIM

*OSHA PEL (8-hr TWA): 10 mg/n',
GAFOSH PEL (8-hr TWA): 10 mg/mn; STEL (15 min): 20 mg/rn'

ONIOSH IDLHI (30-mmn): 50X) mg/n)'
* NIOSH REL- no data
OACGIH TLVZ (8-hr TWA): 10 mg/rn'
*ACGIH STEL (15-min TWA): delcted

wAUE-EMILT UI

~ (991)
MCLO: 70 MgJL (proposedl)
MCI: 70 j~giL (proposed)
MCL: 100 jig/I (Interim)

The EPA has dc-mloped thc Loilorwtng ficalth Advvsories which provide
specific advice on the lcve!z of contamunants in drinking water at wh,.Ch
adverse health cffccu~ would not be anticipated.

. I.Axy (child): 1000 ;4g/L-
. 10-ay,(child): 1(X)0pa
- longer-termn (child): 1WX 14git
. longer-term (gk'ijlt): 4WX Mggt
. lifetime (~adult): 70,ug/L

A balth-hascd guidc';ne for &i~nking water of '00 j~tis eoinne o
2,4-D. A daily per capita consumptuon of two liter3 of wa1ter was assumcd.
Some ir livi-duals may he able to detect 2..4-D by taste and odor at levels >50

"* Hurrin lcalth (*;55)
-No criterion estabiishcd:. 2,4-D is not a priority poillutant.

"* Aqualic Life (155)
-No criterion cstablL~hed; .4.-D Ls not a pr~onty rxflutant.

* GRAL 10 pig/kg,day (3'744)
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REGULATORY STATUS (as of 01.MAR-89)

Promulet-ed Reuila'iorm

9 Federal Programs
WAl (CWA)

24-D is designated a hazardous substance. It has a reportable quantity
(RO) limit of 43.4 kg (347,3764). 2,4-D is listed as an organic
pesticide chemicaL Effluent limitations in the pesticide chemicals
manufacturing toint scurce category are set at 0.010 kg/1000 kg of
organic pesticide chemicals maximum for any one day (891).

"Saif. DinzŽjLYLAQ (SDWA)
2,4-D is on the list of 83 contaminants required to be regulated under
the SDWA of 1974 as amended in 1986 (3 781). Under the National
Interim Primary Drinking Water Regulations, the maximum
contaminant level (MCL) for 2.4-D is 0.1 mg/L. This MCL applies to
community water system, which serve a population of 10,000 people or
more and which add a disinfe.tant as part of their treatment proress
(3801). In states with an approved Underground Injection Control
program, a permit is rquired for the injection of 2,4-D-cuntaining
"wastes designated as hazardous under RCRA (295).

Roo~~~rtio o•n Al•.nd F~cco,,'Er A I (RCRA)
2,4-0 is identified as a hazardous waste (U240) and listed as a
hazardous waste com'ituent (3783, 3784). Solid wastes which contain a
TCLP extract concentration equal to or treater than 10 mW/L 2,4-D
are listed as hazardous in that they exhibit the characteristics defined
as EP toxicity (998). 2,4-D is included on EPA's ground-water
monitoring list. EPA requires that all hazardous waste treatment,
atorage, and disposal facilities monitor their ground-water for chemicals
on this list when suspected contamination is ,rst detected and annual!y
thereafter (3775). For ground-water protection, the maximum
concentration of 2,4-D-containing hazardous waste in ground-water is
0.1 mg/L (989). Effective July 8, 1987, the land disposal of untreated
hazardous wastes which contain halogenated organic compounds in
total concentrations greater than or equal to 1IWO megkg it prohibitca.
Effective Auiust 8, 1°88, the undcrZround injection into deep wells of
these wastes is prohibited. Certain variances exist until May, 19) for
land and injection well disposal of some wistewaters and
nonwastewaters for which Best Demonstrated Available Technology
BDAT) treatment standards have not been promulgated by EPA
3786). EPA requires that non-'iauid hazardous wastes containing

halogenated organic compounds ýHOCs) in total concentrations greater
than or equal to 1000 mgkg or liquid hazardous wastes containing
HOCs in total concentrations greater than or equal to 1% HOCs must
be incinerated in accordance with the requirements of 40 CFR 264.343
or 265.343 (3782).

'MnAX.ac LLcAsS (TSCA)
U Inder SCA Section 4, EPA requires that manufacturers sid
processors of 2,4-D perform human health effects studies and chemical
fate testing in support of the RCRA program (3792).
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Comprchcinsive Environmental Res2onsg ComMwation and Liability
Ai(CERCLA)

2,4-D is designated a hazardous substance under CERCLA. It has a
reportable quantity (RQ) limit of 45.4 kg. Reportable quantities have
also been issued for RCRA hazardous waste streams containing 2,4-D
but thee depend upon the concentrations of the chemicals in the
waste stream (3766). Under SARA Title Ill Section 313,'
manufacturers, processors, importers, and users of 2,4-D must report
annually to EPA and state officials their releases of this chemical to
the environment (3787).

Federal Insecticide. Funzicide and Rodenticidc -Act (FEFRA)
Tolerancas have been establi.shed for residues of 2,4-D acids, salts and
esters in or on raw agricultural commodities. Levels range from 0.05
to 1000 ppm (979). Pesticide registration standards for Z4-D have
been issued by EPA (3798).

Marine, Protcction Research and Sanctuaries A0 (MPRSA)
Ocean dumping of organohalogen compounds as well as the dumping
of known or suspected carcinogens, mutagens or teratoge:s is
prohibited except when they are present as trace contaminants. Permit
applicants are exempt from these regulations if they can demonstrate
that such chemical constituents arc non-toxic and non-bioaccumulative
in the marine environment or are rapidly rendered harmless by
physical, ,.iiernical or biological processes in the sea (309).

Qmotioul 3pfety and Health A0t (OSHA)
Employee e:zosure to 2,4-D shall not exceed an 8-hour time.weighted
average (TWA) of 10 mrin) (3539).

i&aWtMilo iLu s M T rar1 3 ir rtmtion Act (HMTA)'
The Department of Transportation has deignated 2,4-D as a
hazardous material with a reportable quantity of 45.4 kg, subject to
requirements for packaging, labeling and transportation (3180).

Fod.Drg and Cosnti: .ct TFDCA)
The following tolerances have been established for residues of 2,4-D:

- 5 ppm in sugarcane molamses resulting from
applicatio, of 2,4.-D to sugarcane fields;

- 2 ppm in the milled frzctions (except flour) derived from
barley, oats, rye and wheit to be ingested as,
or converted to food;

- 0.1 ppm (negligible residue) in potL'le water.

Such residues are permitted only for c-rtuin applications under the
contrml of Federal Agencies as itemizc 21 CFR Section 193.100
(887). The level for 7,J.-D in bottled drinking water is 0.1 .,L This
level is identical to tht; miamurni -,fat,-minant level (MCL) given . a.cr
the S&.fe Drinking Water Act (2t,5).
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State Water Programs
ALL SIAM~
All states have adopted EPA Ambient Water Quality Criteria andNPDW•s (see Water Exoure Lmit section) as their promulgatedstate regulations, either by narrative reference or by relisting the

specific numeric criteria. These states have promulgated additional or
more stringent criteria:

ILLN015
Ilinois sets an MCL of 0.01 mg/L for finished water for public water
supplies (3322).

MOXQBX
New York has an ambient water quality standard of 4.4 ug/L for Class
GA ground-waters and 100 pg/L for Class A, A-S, AA and AA-S
surface waters (3500).

Vermont has a preventive action limit of 35 &&lgL and an enforcement
standard of 70 ig/l for 2,4-D in ground-water (3682).

WISCONSIN
Wisconsin has a preventive action limit of 20 pg/IL and an enforcement
standard of 100 ,ig/L for 2,4-D in ground-water (3840).

* Federal Programs
Sofe Drinkine Water Act (SDWA)
EPA has proposed a maximum contaminant level goal (MCLG) of 70
pg/L for 2,4-D as part of the National Primary Drinking Water
Regulations (:712). EPA plans to r.-propose this MCLG and propose
a new MCL of 70 •g/L in May, 1989, with final action scheduled for
1991 (3759).

Eurzc Conrrvation and Recvry Act (RCRA)
EPA has proposed that solid wastes be listed as hazardous because
they exhibit the characteristic defined as EP toxicity when the TCLP
extract concentration is equal to or greater than 1.4 mg/L. 2,4-D. Final
promulgation of this Toxicity Characteristic Rule is expected in June,
1989 (1565).

* State Water Programs
MQST SATES
Most states -re in the procem of revising their water programs and
proposing changes in their regulations which will follow EPA's changes
when they become finaL Contact with the state officer is advised.
Changes are projected for 1989-90 (3683).

m - ,_ _l_ ilJ i il ll j ,,i ,
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Minnesota has proposed a Recommended Allowable Limit (RAL) of
70 ;g/L for 2,4-D in drinking water (3451).

Dirccti-me cn Drinking Water (533)
The mandatory values for total pesticides in surface water treatment
categories At, A2 and A3 used or intended for abstraction of drinking
waiter are 0.001, 0.0025 and 0.005 mg/L, respectively. There are no
guideline values.

2Diretwe Relatine to the O,'ality of Water for Human Consumption
(540)
The maximum admissi'le concentration for 2,4-D is 0.1 mg/L. The
total maximum allowable concentration for pesticides and related
products is 0.5 mg/L

Dirgýgt!iTQn Ground-Water (538)
Direct discharge into ground-water (Le., without percolation through
the ground or subsoil) of organophosphorous compounds, organo.
halogen comr.ounds and substances which may form such compounds in
the aquatic environment, substances which possess carcinogenic,
mutagenic o: teratogenic properties in or via the aquatic environment
and mineral oils and hydrocarbons is prohibited. Appropriate measures
deemed necessa•y to prevent indirect discharge into ground-water (i.e.,
via percolat;on through ground or subsoil) of these substances shall be
taken by member countries.

Directive on BathinZ Water Quali~t (534)
When inspection of a bathing area shows that heavy metals, pesticides
or cyanides may be present, concentrations should be checked by
competent authorities.

I&•!fr:' on thc Quality Requird of Shellf'sh Waters t537)
The mandatory specifica•ions for organohalogenated substtnces specify
that the concentration of each substance in the shellfish water or in
shellfish flesh must not reach or eAceed a level which has harmful
effects on the shellfish and larvae. The guideline specifications for
organohalogena'ed substances state that the concentration of each
substance in shellfish flesh must be so limited that it contributes to the
high qizlity of shelli'z product.

°

_1 I _______ I ______Ul~l
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Directive on the Discharge of Dangerous Substances (535)
Organohalogens, organophosphates; petroleum hydrocarbons,
carcinogens or substances which have a deleterious effect on the taste
and/or odor of human food derived from aquatic environments cannot
be discharged into inland surface waters, territorial waters or internal
coastal waters without prior authorization from member countries
which issue enm;ssion standards. A systcm of zero- emission applies to
discharge of these substances into ground-water.

Directive on Marketing and Use of Dangerous Substances (541)
2,4-D may not be used in ornamental objects intended to produce light
or color effects by means of different phases.

Directive on Toxic and Dangerous Wastes (542)
Any ivstallation, establishment, or undertaking which produces, holds
and/or disposes of certain toxic and dangerous wastes including phenols
and phenol compounds; organic-halogen compounds; chrome
compounds; lead compounds; cyanides; ethers and aromatic polycyclic
compounds (with carcinogenic effects) shrll keep a record of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used for disposing of such
waste.

Directive on Classification. Fackazine and Labeling of Pesticides (786)
2,4-D is listed as a Clams II/a substance and is subject to packaging and
labeling regulations.

Directive on the QassiFicati•. Packi•aing and Labeling of Dangerous
Substances (787)
2,4-D is classified as a harmful substance and is subject to packaging
and labeling regulat~or.s

_EC Directives - Proocsed
Pronosal for a Council Directive on the Dumping of Waste at Seg
(1793)
EEC has proposed that the dumping of organohalogen compounds at
sea be prohibited.
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60.1 MAJOR USES

Dichlorophenoxyacetic acid (2,4-D) is a systemic herbicide widely used for control
of broad leaf weeds in cereal crops and sugarcaiie and on turf, pastures and
non-cropland. It is also used to control the ripering of bananas and citrus fruits, to
delay preharvest dropping of some fruits and in some countries as a fungicide for the
control of Ajterparia rots when lemons are to be held for storage (1607).

Technical-grade 2,4-D is available in the U.S. as the free acid but is rarely used
due to its solubility; the more soluble forms such as alkali salts, amine salts or esters
are generally used in commercial formulations of 2,4.D (2051). Technical 2,4-D may
range in purity from less than 90% to 99% and can be contaminated with low levels
of chlorinated dibenzo-p.dioxins (~<60 ppb). 2,3,7,8-TCDD is not normally found in
2,4-D products (2050, 2051). The amine formulations can also contain trace
impurities of N-nitrosamines that form from nitrite which is added as a corrosion
inhibitor (2050, 2031).

60.2 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS

60.Z1 Transport in Soil/Ground-water Systems

60.1.1 .

2,4-D is expected to be relatively mobile in the soil/ground-water system when
present at low dissolved concentrations. Bulk quantities of the solution (e.g., from a
spill, heavy spray application, or improper disposal of excess formulations) could be
transported even more rapidly through the unsaturated zone. However, as discussed
later in this section, 2,4-D has been shown to be highly susceptible to degradation in
the soil/ground-water system and is not expected to be persistent.

Z4-D herbicides have been used extensively on agricultural and forest lands. In
herbicide formulations, 2,4-D is usually a relatively minor component with the esters
and/or amines comprising the bulk of the active ingredients. For example, in Agent
Orange, the phenoxyacetic acids (2,4-D and 2,4,5-T) represent only about 1% while
the n-butyl esters of 2,4-D and 2,4,5-T represent 49.5% and 48.8%, respectively
(1850). Agent Purple, which was used prior to 1964, is a 50.30-.20 mixture of the n-
butyl esters of 24-D and the n-butyl and isobutyl esters of 2,4,5-T (1650). Hydrolysis
of the isopropyl, butyl, and isooctyl esters of 2,4-D in the environment is rapid, with
reported half-lives on the order of 100 hours in neutral soil water, hydrolysis was
almost instantaneous in the presence of a base or in a suspension of soils at pH
7.0-7.5 (1851). Biological hydrolysis of these materials has aLso been reported to be
very rapid (1852). Since 2,4-D, as the predominant breakdown oroduct of the 2,4-D
esters and amines, is more stable than the original materials, its fate in the
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environment is of prime concern. Therefore, this chapter will focus on a discussion
of the transport and izansformation of the acid, 2,4-Z.

2,4-D is a moderately strong organic acid with reported pKa values ranging from
2.8 to 3.3 (186, 2050) and thus is almost completely disociated to the anionic form
at typical eaVironmental pH levels. For example. the extent of 2,4-D dissociation in
pure water at pH 3, 4, 5, 6, and 7 is approximately 50%, 90%, 99%, 99.9%, and
99.99%, respectively. In general, the dissociated form (i.e., the 2,4-D anion) is
expected to be more soluble in water, less s,rongly sorbed to soils, and less likely to
be bioaccumulated than the undissciated form. Thus, the importance of the
soil/ground-water pH levels in determining the mobility of 2,4-D is difficult to
overstate.

In general, transport pathways can be ,ssessed by using an equilibrium
partitioning model, as shown in Table 60-1. These calculations predict the
partitioning of low soil conentrations of 2,4-73 among soil particles, soil-water, and
soal air. Portions of 2,4-D associated with the water and air phases of the soil
generally have higher mobility than the adsorbed portion. Partitioning estimates are
given for the total chemical (dissociated as well as undissociated 2,4-D) at various
pHs and for the undissociated form of the chemical, the latter being valid only for
very low pHs (i.e., less than "bc pKa of 2.6 to 3.3). Estimates for the unsaturated
topsoil model indicate that while most of the undissociated 2,4-D in the modeled
system is expected to be associated with the stationary phase, most of the 2,4-D
present in the soil at common environmental pFIs (>5) will be in the mobile
soil-water phrase and thus easily leached. An insignificant portion of 2,4-D is
expected in t),e gaseous phase of the soil; diffusion of vapors through the soil-air
pores up to the ground surface is not expected to be important. In saturated, deep
soils (containing no' soil air and negligible soil organic carbon), a higher percentage of
the undissociated 2,4-D (80%) and almost all of the 2.4-D present at environmental
pH levels is predicted to be present in the soil-water phase (Table 60-1) and available
for transport with flowing ground-water. Grcund-water underlying
2,4-D-contaminated soils with low organic content appears to be vulnerable to
contamination. However, data discussed later in this section demonstrate that rapid
biodegradation of 2,4-D (which is not addressed in this partitioning model) largely
prevents 2,4-D from being a serious threat to ground-water.

Due to the extensive use of 2,4-D herbicides, several groups have studied its
persistence in soils. In gen:ral, 2,4-D has a low KY. value, low Henry's law constant,
and high rate of degradation. Volatilization is not expected to be important. The
chemical is not expected to persist in the soil/ground-water system due to rapid
degradation, and leaching of residual amounts may be rapid (1350, 2050, 1210). The
organic content and microbial activity of the soil, the pH of the soil, and extremes in
the rate of 2,4-D application have been reported to affect the persistence of 2,4-D in
soiL Extensive degradation of 2,4-D in ne!utral soil within one month has been
reported by Moreale et al. (1854); lower rates of degradation were reported in acid
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TABLE 60-1
EQUILIBRIUM PARTITIONINO CALCULATIONS

FOR Z4-D IN MODEL ENVIRONMENTS'

Soil Estimated Percent of Total M=ss of Chiemical in Each Compartment
Environment Soil Soil-Water Soil-Air

Unsaturated topsoil at

25-C*,

0 Undissociated 2,4-D 92 8 <lE-06

* Total Z4-D"

pH 3  46 54 <IE-06
pH 4 9.2 90.8 < IE-07
pH 5 0.9 99.1 < 1E-09
pH 6 0.09' 99.91 <IE-09
pH 7 0.009 99.99 <1E-10

Saturated deep soil

"* Undissociated 2,4-D 20 80

"* Total 2,4-D'
pH 3 10 90
pH 4  2 98
pH 5 0.2 99.8
pH 6 0.02 99.98
pH 7 0.002 99.998

a) Calculations based on Mackay's equilibrium partitioning model (34, 35, 36); see
latrduction in Volume 1 for description of model and environmental conditions
chosen to represeat an unsaturated top soil and saturated deep soil. Calculated
percentages should be considered as rough estimates and used only for general
guidance.

b) Utilized estimated soil sorption coefficient: K, -- 60 (1210).
c) Henry's law constant taken as 1.9E-10 arm. m'/nmol at 25* (1210).
d) Used sorption coefficient KV = 0.001 x K,
e) The distribution for total 2,4-D assumes that all of the dissociated fraction

partitions to the soil-water compartment and that the approximate percentage of
dissociation is as follows: 50% at pH 3, 90% at pH 4, 99% at pH 5, 99.9% at
pH 6, and 99.99% a" pH 7.

LJ
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sofl. Repotted half-lives for 2,4-D in soils range from four days (1855) to 1-2 weeks
(1850, 808, 2050, 1856). The time reported for 90% disappearance. of 2,4-D applied
to soil is on the order of 2 months; after 10-55 weeks, less than 1% could be
identified (1854, 1857, 1858). A somewhat higher persistence has been noted in
forestry soils than in agricultural soils; the higher rate of application and lower pH
has been cited in explaining this observation (1859).

Under normal herbicide application rates, no evidence of 2,4-D persistence from
one season to the next has been detected (1862). Only where 24-D herbicides were
applied at massive doses (-1000 lb/A) were there significant residues after 10 years
(1850). Initial 24-D soil concentrations of 100-500 ppm were reported to decrease
4.5% to 98% at two Air Force test sites monitored over a 12-month period (1860).
A decrease in pesticide degradation, posibly due to a reduction in the number of
active organisms, and rapid leaching were offered as explanationz for the increased
persistence at high concentrations. At a simulated work disposal sit,, high
concentrations of 2,4-D migrated in a manner similar to unadsorbed chemicals (1861).

Although 2,4-D is expected to be relatively non-persistent in the soil/
ground-watcr environment, trace lcvels have been observed in surface and ground-
waters. In a Canadian surface water quality monitoring program, 59% of the stations
monitored exhibited detectable levels of 2,4-D (1852); in another study, 66 of 949
stream waters showed 2,4-D residues (1862). Frank et aL (1863) reported 2,4-D
contamination of well water in an agricultural area; serious contamination occurred
after a spill near the well. All three of these reports indicate that transport to
surface and well waters occurred as a direct result of spray activity in the vicinity of
streams (aerial drift) or transport with storm runoff near the time o`" 24-D
application. Although substantial quantities of 2,4-D have been detected in run off
following the first rainfall event after application (due to high solubility and weak
sorption), 2,4-D runoff concentrations decline rapidly and generally acmunt for less
than 1-5% of the application (1864, 1865) with most of the loss associiated with the
water phase.

60U.22 Sorption on Soils

2,4-D is weakly adsorbed to most soils and rapid migration has been reported in
field and laboratory studies (1866, 1852, 1864, 2050, 1867, 185A, 1868). Adsorption is
a function of the organic content and the pH of the soil system. The acid
dissociation constant (pKa) of 2,4-D has been reported to range from 2.64-3.31 (1866,
2050). Rippen et al. (1869) report that 2Z4-D is 0%7 dissociated at pH 4 and 99.99%
dissociatzd at pH 7. Since the pH of most *-ils is greater than 4.5 and that of most
natural waters is greater that 6 (1864), 2Z4-.) is expected to exist in the environment
primarily in the anionic form. The dissociated ion is poorly adsorbed due to high
water solubility and the possible repulsion of the anion by the surface negative charge
of soil organic matter and clay (1866). In soils with pH 7 and 7.9, Rippen et al.
(1869) reported no observed adsorption; some adsorption was observed at pH 5.8.
Strong sorption onto clays in acidic environments has been reported (1870, 1871).

/I
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Table 60-2 presents Freundlich adsorption data for 2,4-D sorbed to soils. The
data indicate that, in general, 2,4-D is weakly sorbed to environmental soils and that
adsorption is a function of organic content of the soil In addition, the observed
variation in KY. values with pH supports the expected decrease in sorption with
increasing pHL It ham been reported (1865, 1866) that a small portion of adsorbed
2,4-D is resistzat to desorption after prolonged field exposure. The desorption-
resistant fraction is dependent upon initial concentration and may be more significant
in deep soils where biodegradation is expected to be slower. In soils ranging from
0.1% to 2.5% orgznic carbon with pH less than 5, the percent of irreversibly
adsorbed 24-D ranged from 13% to 29% (1866).

In view of the high solubility of 2,4-D at environmental pH levels, rapid leaching
may be expected and has been reported in several studies. Wheeler et aL (1870)
reported that the shape of the 2,4-D flux curve in drainage waters from a treated
citrus grove was determined by the shape of the water flow curve; soil pH was the
predominant factor in 2,4-D mobility and facilitated its movement as the ionized
species. In laboratory experiments (1854) with surface soil (1.8% organic content),
200 mm of percolating water leached less than 15% of applied 2,4-D below 25 cm; in
the same experiment with subsurface soil (0.1% organic carbon) 90% was leached
below the 25 cm depth. Other studies (1864) also reported that most (-90%) of the
surface applied 2,4-D residues remained in the top 15-30 cm of soil, with only low
levels detected at greater depths. One study (1872) reported no detectable residues
below 5 cm depth one year after normal application to chaparral vegetation and soil.

At high levels 'of 2,4-D application, the percent adsorption has been reported to
decrease with increasing initial concentration (1858). Majka et a. (1868) reported
very little Z4-D retardation when applied to either acidic or basic soils at massive
rates (560-2800 kg/ha). For 2,4-D applied at normal application rates, resulting in a
soil solution range of 0.01 to 10 ppm, a&--)rption appears to be independent of
solution concentration (18M4).

60.2.1.3 VoA26lization from Soils

Due to its low vapor pressure and relatively high water solubility, evaporation of
2,4-D from aqueous solution is expected ;o be negligible as indicated by the
extremely low values reported for Henry's law constant, 1.3. 1.9E-10 atm. ml/mol
(1210, 808). The -ate of volatilization from soil is generally significantly lower than
that from water. Therefore, volatilization of 2,4-D from surface soils or in, soil air
will not be an important transport process, particularly in the presence of any soil
moisture.

N" i
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TABLE &0-2
FREUNDLICH ADSORPTION CONSTANTS FOR 2,4-D ON SOILS

Soil Type K,' I/n' K Ref

Surface sails:

Soignes siltloam, &52% o.c., pH 3.40 16.2 0.76 190 1854
Spa City clay loam, 6.70% o.c., pH 3.25 23.9 0.86 357 1854
Meerdael silt loam, 6.19% o.c., pH 4.00 7.0 0.88 114 1854
Fleron silty clay loam, 5.59% o.c., pH 3.75 20 0.94 36 1854
Bullingen silt loam, 5.45% o.c., pH 3.55 1.8 0.91 34 1854
Strodam AB-borizen, 5.1,1% o.c., pH 3.88 2.4 0.97 50. 1866
Stavelot silt loam, 4.37% o.c., pH 3.90 7.6 0.92 174 1854
Bernard-Fagne silt !oam, 4.17% o.c., pH 3.60 13.2 0.88 316 1854
Zolder sand, 3.20% o.c., pH 3.84 10.4 0.86 471 1854
Gribskav B.horizon, 2.58% o.c., pH 3.59 6.3 0.91 240 1866
Heverlee Ill sandy loam, 2.50% o.c., pH 5.84 0.8 0.92 34 1854
Lubbeek I silt loam, 1.98% o.c., pH 6.62 0.8 0.92 39 1854
Stookrooie H loamy sand, 1.85% o.c., pH 5.64 1.8 0.93 98 1854
Gribskov C-horizon, 1.82% o.c., pH 4.0"/ 2.8 0.85 160 1866
Roskilde agricultural soil, 1.64% o.c., pH 5.40 2.5 0.93 150 1866
Gn'bskov A-horezon, 1.41% o.c., pH 3.23 2.8 0.91 200 1866
Nodebais silt loam, 1.25% o.c., pH 6.20 0.4 0.89 31 1854
Lubbeek MI silt loam, 1.12% o.c., pH 6.91 0.4 3.91 38 1854
Lubbeek 11 sandy loam, 0.91% o.c., pH 6.71 0.3 0.91 34 1854
Zolder sand, 0.32% o.c., pH 4.23 1.0 0.88 297 1854
Tisvilde C-hb.rizon, 0.15% o.c., pH 4.21 0.1 0.65 90 1866
Strodam C-horizon, 0.09% o.c., pH 4.95 0.2 0.93 180 1866

Subsoils:

Bjodstrup clayey till, 0.13% o.c., pH 7.64 0.1 0.84 100 1866
Zolder sand, 0.12% o.c., pH 4.73 0.4 0.93 350 1854
Lubbeek IU sand, 0.12% o.c., pH 6.46 0.1 0.88 73 1854
Esrum sandy till, 0.06% o.c., pH 4.71 0.2 1.03 380 1866
Tirstrup meltwater sand, 0.05% o.c., pH 6.14 0.3 0.91 540 1866
Luobeek IH sand, 0.04% o.c., pH 6.43 0.05 0.88 125 1854

a) K, - Freund.;ch adsorption coefficient, and lin - Exponential factor on
concentration in Freundlich adsorption equation.

b) K,,. = soil adsorption constant per unit weight organic carbon (K, = K1/o.c.).
Calculatioa of K,,, assumes Freundlich constant n = 1.

The vapor pressurts of the alkyl esters of 2,4-D are reported to be Several
orders of magnitude bigher tL-i that of the 2,4-D acid (2050), ind significant
airborne losses of the esters from commercial herbicide formulations have been
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reported (1874, 1875. Volatilization is reh-te to soil moisture and vapor losses from
dry sod have been rcported to be mini ial (1874). Ambient air monitoring performed
during Herbicide Orange dispisal o-3crations indicated very minor evaporative
emissions of 2,4-D during handiing of concentrated herbicide solutions (1873).

60.2.2 Transformation Processes in SotlGouaud-watcr Systems

2,4-D is an acidic compound (pKa - 2.6-3.3) and has a stong tendency to
hydrolyze in the presence of water. At pH levels above 5.0, 2,4-D is expected to be
greater than 99% dissociated. Degradation reactions (oxidation, reduction, hydrolysis,
substitution) have been reported to occur in water when a.tivated by sunlight (1850,
1864). Half-lives for 2,4-D in clear shallow water exposed to 12 hours per day
unobstructed sunlight was estimated at 20 days. In another experiment, 30-70% of a
dried film of 2,4-D on glass was degrad(d after seven day- of irr3diation (1376); other
authors have reported that 2,4-D is !:able under dry condi;.ons (1864).

Numerous studies have shown that 2.4-D is readily biodegraded by micro-
organisms which are prevulent in the natu.al environment (1865, 1877, 1878, 846,
1885) and that microbial metabolism is the prdJominant (or even sole) factor
affecting decay in soils (1879). Most half-lives reported for the biodegradation of
2,4-D in soils range from a few days to two weeks, with more than 90% degradation
within a few months.

Degradation experiments have established that both aromatic and side chain
carbons of 2,4-D can be rapidly converted to C02 (1880, 84;). Degradation products
that have been ;dcntified in culture media are 2,4-dichlorophenol, 2,4-dichloroanisole,
4-catechol, chlcromuconic acids, and chlorohydroxyphenoxyacetic acids (3445, 1877,
1885). None of these degradation products persist in the environment.

Breakdown of 2,4-D has been reported to follcw a well established degradation
pattern of two first-order reactions: a slow initial reaction (lag phasz) during which
mi-,robial enrichment occurred, fcllowed by a rapid first-order declint in concentration
(1879, 1885, 1881). In the literature, the duration of the lag phase has been reported
to range from a few days to four wcels, and the time for 50% di.appearance has
been reported to range from four days to sevwn weeks; the time for total
disappearance has been reported to be seven days to 14 weeks (1879).

In general, degradation of 2,4-D in soil is not correlated specifically with soil
properties but has been shown to depend primarily on micrebial population and
numbers of 2,4-D degraders available (1885, 1M82). The effect of 2,4-D sorption on
degradation is not clear. Young (1889) reported no degradation of 2,4-D sorbed on
charcoal in spite of 'he presence of degrading organisms; and other data generated in
a vigorously controlled environment using a single strain of bac.eria indicated that
scrbed 2,4-D is completely protected from biodegradation (1890). Another study, on
the other hand, reported extensive degradation of 2,4-D adsorbed onto aerobic lake
sediments (1888).

i i iLI



2,4-D 60-1

The breakdown of 2,4-D has betn shown to be dependent on the availability cf
soil moi&ture, little or no degradation was observed in dry soils (1882, 1884, 1874,
1886, 1887). The importancc of the presence of oxygen has also been demonstrated
in that degradation slow% signif'kantly under flooded (anaerobic) conditions; e.g., ove
rix weeks, 53% Z4-D Ios was observed in a moist field compared to 16% loss under
flooded conditions (1884). In other studies, the rate o 2,4-D degradation has been
reported to be 6 to 40 times slower under an•erob;ý ;onditions than under aerobic
cooditions (846, 1888), suggesting that aerobic microorganisms were respc.nsible for
the rapid degradation observed in aerobic soils.

Most data indicatt ao adverse impact on soil biota due to normal application of
2,4-D (0.3-5 kg/ha); however, several studies have reported significant reduction in
the soil bacterial population following repeated applications of high doses (:891,
1892). Biodegradation of 2,4-D was observed to be slow at soil concentritions above
1000-5000 ppm (1891, 1892, 1893, 1894). Parker and Doxtader (1881) reported a
significant increase in lag time as herbicide concentration increased.

The observed decrease in 2,4-D'biodegradation at high herbicide concentration
may be due to ither the toxicity of 2,4-D to microorganisms or the decrease in soil
pH affected by tke high 2,4-D application rate. Moreale et aL (1854) reported low
rates of degradation at pH < 6.0 due to the increased 2 S-D adsorption as well as
decreased microbial populations in acid soils; after one month at pH > 6.0, 80-95%
of 2,4-D was degraded compared to < 10% after one month at pH < 6.0. The
degradation rate for high levels of formulated Z4-D was higher than for the
technical-grade material; this may be cue to the fact that the technical-grade material
was observed to lower the soil pH significantly while the 2,4-D formulation had little
effect on soil pH (1892). The other formulation chemicals may also serve as a
carbon source and thereby reduce the toxic effect of 2.4-D.

In sur'mary, 2,4-D has the potential to be rapidly degraded in the soil
environment. The rate of biodegradation it related to the availability of degrading
microbial populations; massive doses of 2.4-D may be degraded much more slowly.
There is evidence that the form in which 2,4-D is released to the environment (Ge..
technical-gr-de vs. herbicide formulation) may impact the extent to which high
concentrations decrease the rate of biodegradation. Since the concentration of soil
microorganisms capable of biodegradation is fairly low and drops off significantly with
depth, biodegrdation in the soil/grournd-water system may be limited. Thus, 2,4-D
transported verticailly into the subsoil may represent a potential threat of
ground-water contamination. In ground-waters, 2,4-D degradation is expected to be
slow (t0 - 200 days) principally due to the limited microbial populations (1883).

602-3 Primmy P.otes of Expure fxow Sodround-water Systems

The above di.•tssion of fate pathways suggests that 2,4-D is nonvolatile, weakly
sorbed to soil and has a low potential for bioaccumulation. Thnse fate characteristics
suggest several potential exposure pathways.

.~~i 1 , M O " No.r 4,, I.. ... _. ! .!.• . . . .I . . - . . _" . .. . ....... . .



60-18 Z4-D

Volatilization of 2,4-D from a disposal site is expected to result in negligible
eqxsure to workers or residents in the area because 2,4-D in either dissociated or
undissociated form is nonvolatile. Tbe potential for ground-water contamination
exists due to the weak sorption of th undissociated acid on soil, and the even
weaker retention of the dissociated acid, whicn is expected to be the predominant
form under virtually all pH levels of environmental concern. The susceptibility of
2,4.D to degradation, however, should reduce its occurrence in drinking water
gupplies. 2,4-D has been detected in many ground-waters (992), but as described
below it has rarely been detected in national surveys of drinking-water system,
including those served by ground-water supplies.

The movement of 2,4-D in ground-water or its movement with sAil particles may
result in discharge to surface water. As a result, ingestioa exposures may occur from
the use of surfafce waters as drinking water supplies, and dermal exposures m:j result
from the recreational use of surface waters. Ingestion xrposure may also occur from
the consumption of aquatic organisms or domestic animals that have contnct with
contaminated water. However, due to the low bioconcentration factor for 2,4-D, this
is unlikely to be an important exposure pathway from soil/ground-water systems.

60,2.4 Other Source of Ilmina Expiowe

Nearly sixty per,.ent of the 2,4-D sold in the United States is used on agricultural
crop sites; th.e remainder is applied to range and pasture land, lawns, forests,
industrial and commercial sites, or used for aquatic weed control (992). Thus, it is
distributed widely in the environment.

Exposure to Z4-D in drinking water does not appear to be common, although it
ha been detected in drinking water in four states (9M2). The highest vulue reported
in the literature is 50 IAgL. bot in one national study, only I of 117 water systems
sampled contained concxnrawiis of Z,4-D above 0.5 jsg/L and none of 92 rural
water systems sampled in another study containel above 0.01 /ug/L of ?,4-D (2050).

Contaminated surface waters may be another source of human exposure. The
National Surface Water Monitoring Program, between 1976 and 1961, detected 2.4-D
in 1.6% of the samples (detection limit not specificd) with a maximum concentration
of 1.91 ppb: the occurrence in sediment samples was less common (0.2%) with a
maximum concentration of 14.9 ppb (1242). In surface waters of the we-tern prairies
of Canada, 2.4-D was detected much more frequently, possibly bectuie of a lower
detection limit. At 59% of 186 sites sampled between 1971 and 1977 2,4-D was
detected at above 0.(X04 ,L. with a maximum concentration of 4.33 /•g/L (1852).
The source of A4-D contamination of Caiadian well waters was reported to include
herbicide drift from spraying operations, spillage or runoff, rather than ground-water
conatmiration (1903, 1917).

Air expxsures to 24-D are not expected to be significant based on available data.
In a monitoring study of 16 cities, the maximum cA;ncentratxon detected was 4 ngi&'

(1916).
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Diet appears to be a minor exposure pathway for 24-D. T7here have been no
findings of 2,4-D in FDA adult market basket surveys since 1973 (2050). Between
1976 and 1979, no Z4-D was detected in annual market basket surveys for infants (6
months old) and only in 1976 was any found in the diet of toddlers (2 years old)
(i244). The estimated daily intake in that case was 0.006 Mg/kg of body weight.
2,4-D has been found in individual food samples, however. In 1982, compliance
reports of the FDA revealed that 1 of 10 food samples tested positive for 2,4-D
(992).

Several studies have reported that 2,4-D is secreted in milk. Following oral
administration, traces of 2,4-D were found in milk of lactating rats for 6 months
(3211). 2,4-D was also eliminated in the milk of cows grazing in pastures treated
with 2,4-D or its butyl or isooctyl ester (3090, 3365).

60.3 ;M HEALTH CONSIDERATIONS

60.3.1 Anuial Studies

603.11 carciu enidty

Cxborr.-Mendel rats inigested 0, 5, 25, 125, 625 or 1250 ppm 2,4.D (96.7% pure)
in the diet for 104 weeks. A dcoe-related increased incidence of malignant neoplasms
was reported in male rats for all doses. Sarcomas consisted mainly of
lymptosarcomas while carcinomas were seen in the endocrine system. Thirty-one
percent of all treated females developed lymphosarcomas. Neoplasms of the
mamrmnary gland were also increased in 2,4-D-treated rats (53/111, in animals treated
with 5 to 1250 ppm). It was concluded that 2,4-D was carcinogenic to male and
female rats in this study resulting in an increased incidence of lymphosarcomas in
both male and female rats and neoplasms of the mammary gland in females (2123).
This study was considered inadequate by IARC (1607) due to the small number of
animals (i.e., 25 of each sex per group) tested per treatment group.

No increased incidence of neoplasms was reported in mice treated with 0 or 46.4
mg/kg 2.4-D (90% purc) in 0.5% gelatin daily'by stomach tube for 21 days followed
by 149 p•m 2,4-D in the diet for 18 months (2136).

Innes et al. (2136) injected mice subcutaneously with a single dose of 215 mi/kg
2,4-D (90% pure) suspended in dimethylsulfoxide on day 28 of age. Animals were
observed for 18 months. No significant increase in tumors was noted.

A skin painting study in mice was conducted by Archipov and Korlova (2125).
Cross strains of CBA x C57.qBL mice received one drop of a 0.5% solution of
3-meth-,lcholanthrene in bcnzcne on the skin for 3 weeks. Mice were then painted
with either a 10% solution of the amine salt of 2.4-D in acetone or a 10% solution
of commercial 2,4-D and observed for 20 months. Pap!lomas developed on the skin
of 17.7% of the mice treated with 3-methykcholanthrene followed by ,,4.-D, but not in
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mice receiving 3-methylcholanthrene alone or 2,4-D alone. 2,4-D was concluded to
be a promoter of neop'dsms of the skin in mice.

IARC (13, 57) considered the availabl, animal studies inadequate to evaluate the
carcinogenicity of 2,4-D. Recent reports, however, have generated concern about
potential carcinogenic effects of 2,4-D and suggest further investigation is needed.
Rare brain tumors were reported in 10% of male rats treated with 40 mg/kg Z4,D;
final results of this study are expected in June, 1987 (2105). Also, a recent
epidemiological study involving Kaesas farmers using phenoxyherbicides including
2,4-D revealed an increased incidence of non-Hodgkin's lymphoma (2118, 2119) (see
Section 60.12.2 for further discussion).

60.31.2 Gai'otozicity

2,4-D does not appear to be genotoxic in a number of tests including bacteria
(2126, 2127, 3470), a dominant lethal study in mice (998) and recessive lethal tests in
DQ hila (2128, 3863). Conflicting results are reported on the effects of 2,4-D on
blood lymphocytes in culture vs. in vivo (2108, 3476).

2,4ýD was not mutagenic in strain WP2 of E•,•Licj. WUi (2126) or in strains
TA1535, TA1536, TA1537 or TA1538 of Salmonella •hbimurium (2127, 3470).

The rate of gene conversion was showni to increase in Sacehamy revisiat
D4 at 2,4-D concentrations above 400 4g/mL (2127). Mitogenic recombination in
e~rjvjiac D5 was also increased by 30 14g/mL of 2,4-D (2127).

No effect was reported in recessive lethal tests in Droshila mnlangeaste
(2128), either by injection or feeding (3863). 2,4-D also did not incmease dominant
!cthal mutations in mice given either an intraperitoneal injection of 125 mg/kg or 15
mgiXg/day orally for 5 days (998).

Death occurred 2 to 5 hours following intraperitoneal administration of 5 Ag/kg
2,4-0 to Wistar rats while a dose-related clastogenic effect was noted in rats
administered 1.25 or 2.5 Mgkg of 2.4-D (2106). In another report,-male WLstar rats
rnjected intiaperitoneally wi!h 35 or 70 mg/kg (1/20 and 1/10 LDm) 2,4-D a, zero and
24 hours and sacrificed 6 hours after the second injection show-d a sirificant
increase in chromosome aberrations in their bone marrow cells (3006).

Wben Chinese hamster ovary (Cr1O) cells were treated in culturm with 2,4-D, an
increase ;n sister chromatid exchanges was observed, but only *Ithout exogenous
metabolic activation; an increase :n chromosomal aberration% was observed only with
metabolic activation (3235). In contrast to the positive effects in culture, IUnnainmaa
(210P) found no increase in sLter chroitvid exchanges in peripheral lymphocytes of
rats or in the bone marrow cells ot Chinese hamsters treated intragastrically with 100
mgkg.
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Muatonen et al (3476) examined the lymphocytes of forest workers who worked
with commercial preparations of 2,4-D. No chromosomal aberrations were observed
in these cells even though urinalysis indicated that these workers had absorbed 2,4-D.
Linnainmaa (2109) also found no significant differences in sister chromatid exchange
frequencies in peripheral lymphocytes of 35 forestry workers whose blood was
eamtined before, during or after spraying foliage with 2,4-D.

Mustooen et al also treated human blood in culture with pure and with
comirwrcial 2,4-D. No chromosomal aberrations were observed in lymphocytes
treated with the pure preparation, but a signMcant increase in chromosome
aberrations, particularly chromatid exchanges, was cIerved with 0.5, 1.0 and 1.25 mM
of the commerc.al 2,-D. The authors suggest that the commercial 2,4-D may contain
chlorophenol cor-.iminants.

Korte and Jalal (2107) reported a 3tatistically significant increase in chromosome
gaps and deletions in human lymphocyte cultures treated with 50 or 60 Asg/mL of 2,4-
D. Sister chromatid exchanges were also significantly increased in these cells with
concentrations of 10 to 60 Ag/mL Turkula and Jalal (2110) also reported a
significant increase in sister chromatid exchanges in human lymphocytes treated in
culture with 50 AgfmL of 24-D but not with 100 or 250 ug/mL; they attribute the
negative effects to the possibility that a high proportion of cells 'either do not enter
the division phase or fail to survive.'

60.31.3 Terztogenidty, Embvyotoxity amuW Rq ductive Effects

Oral administration of 2,4-D was associated with mild embryo. and fetotoxicity
when g.-en to pregnant Sprague-Dawley rats (2057). Animals received 0, 12.5, 25,
50, 75 or 87.5 mg/kg/day on gestational dpys 6 through 15. No dose-related
teratogenic effects were reported; however, an embryotoxic response was observed.
Fetuses treated with high doses (>50 mg/kg) of 2,4-D displayed subcutaneous edema,
delayed ossification or split centers of ossification in the sternebrae, missing
sternebrae, delayed ossification of the skull bones and wavy ribs. No difference was
noted in the development or survival of pups for 21 days following birth in the
control and treated groups. No effect on fertility, geztation, viability or lactation weme
observed.

CD-I mice were exposed by gavage to 87.5 mg/kg/day of 2,4-D on gestational
days 8 through 12 in a study conducted by Kavlock et al. (3350). The treatment
resulted in 7% maternal death. The litter size was similar to that of the controls;
however, the day I average pup weight was reduced in a ,tatLitically significant
manner (1.53 g vs 1.65 g for controls). Pup viability and body weight on day 3 were
not affecte-d by the treatment.

No delett.rious effects on fertility or average litter size were reported in a
3-generation, 6-litter reproduction study in Osborne.-Mendel rats fed 0, 100, 500 or
1500 ppm 2,4-D in the diet (2115). However, the percent of pups born which
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survived to weaning and the weights of weanlhgs in the 1500 ppm treatment group
were sharply reduced.

The teratogenic effect 3f the 2,4-D isooctyl ester and the 2,4-D propylene glycol
butyl ether ester were stud, ýd in CD rats (2053). Pregnant rats received molar
equivalent doses of 0, 6.25, 12.5. 25 or 87.5 mg/kg 2,4-D of each ester. Tieatment
was administered orally on gestational days 6 through 15. Fetal examination on
gestational day 20 revealed the presence of external hematomis in all treatment
groups. An increased incidence of 14th lumbar rib buds was also seen in both groups
given the 87.5 mg/kg molar-equivalent doses, an indication of embryotoxicity. Neither
the Z4-D isoocytyl eter nor the 2,4-D propylene glycol butyl ether ester produced
adverse effects on maternal welfare or pup viability.

60.3.1.4 Other T wxicoL-i Effcctz

60.3.1.4.1 Sx'rt-term Taxidcity

Acute toxicity of 2,4-D is characterized by sudden stiffness in the extremities,
incoordination, lethargy, stupor and coma. Myotonia (tonic spasms of mus,:e) may
d.velop, particularly in the lower extremities. Ventricular fibrillation is the apparent
cause of death (2). Autopsy findings usua1ly include mild liver, and kidney injury (38).
The oral LD, value in the rat is 370 mg/kg while the dermal LDs, value is 1500
mg/kg (51).

Dogs died several hours to 3 days following oral or intraperitoneal administration
(doses not specified) of sodium or ammonium salts of Z4-D (2130). Progressive
symptoms included muscular incoordination, lethargy, paralysis of the hind quarters,
stupor, coma and death. Skeletal muscle changes resembled those seen in congenital
myotonia. Centrilobular degeneration and parenchymal damage in the liver was
observed in dogs given massive doses of 2,4-D.

Dogs given 100 to 400 mg/kg Z4-D orally suffered myotonia, gastrointestinal
mucosal irritation, moderate hepatic necrosis and mild renal tubular degeneration
(2131).

Desi et al. (2056) described :ze toxic effects of 2,4-D on the nervous system.
Rats were intraperitoneally injected with 200 mg/kg 2,4-D daily until death. A
progressive decrease in conditioned reflex response was observed over the 6-day
treatment period. Histological examination revealed demyclinization in the dorsal
portion of the spinal tract. An EEG revealed the appearance of large slow waves.
The authors speculated that the neurological effects produced by 2,4-D were dve to
the action of the compound on the reticular formation followed by cerebral tissue
effects. The dem3v.linization observed in the spinal cord may be rtsponsible for the
hind-limb paralysis noted by other investigators (2130, 2131) after poisoning with
2,4-D.

' •i '
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Effe'ts of 2,4-D on normal and regenerating peripheral nerves were then studied
in Fischer rats (2112). 2a-D at a dose of 100 mg/kg, was injected intraperitoneally 6
days/week for 3 weeis. None of the animals developed signs of polyneuropathy and
nerve conduction velocity remained normal after the three ,eL.5 of treatment.

The effect of 2,4-D on denervated muscle was studied by Eberstein and
Goodgold (2111). The right limb of male Wistar rats was surgically denervated by
excision. Rats were injecteo intraperitoneally with 225 mg/kg 2,4-D either one hour
prior to administration of anestbesia or 30 to 45 minutes aftci anesthesia.
Contraction activity was the;, recorded. Results indicate a 2,4-D-indtced prolonged
relaxation time in muscles denervated for more than 10 day,. The increase in
relaxation time is similar to that observed in intact muscles treated with 2,4-D and is
characteristic of myotonia.

,he effect of 2,4-D on hypersenitivity was studied in BALB/c mice (2113). The
2,4-D-pmtein conjugate did elicit specific IgE production in mice following secondary
sensitization and was concluded to produce antibody-mediated rather than
cell-mediated hypersensitivity.

60.3.1.4.2 Sb •uh and Chronic Tcocicty

Subchronic toxicity of 2,4-D was studied in rats by Chen et al. (2114). CDF
FMscher 344 rats were fed 0, 15, 60, 100 or 150 mg/kg/day technical-grade 2,4-D in the
diet for 13 weeks. The high-dose group experienced growth retardation, decreased
food intake and a significant increase in serum glutamic pyruvic transaminase activity.
Hstopatbologic alterations included swelling of hepatocytes in animals given 100 or
150 mg/kg Z4-D. The 60, 100 and 150 mg/kg ticatment groups showed dose-related
microscopic changes in the convoluted tubulei of the kidneys. The only change
noted in the 15 mg/kg treatment group was a significant increase in relative kidney
weight.

Hansen et al. (2115) found no significant effect on growth rate, survival rate,
organ veight or hematologic values in Osborne-Mendel rats fed 0, 50, 25, 1.25, 625 or
1250 ;.)m 2.A-D daily in the diet for 2 years or in beagle dogs fed 0, 10, 50, 100 or
500 ppm Z4-D daily in the diet for 2 years.

6C31.2 Hrmun and Epidemiologic Studie

60.321 S&o't-term Toxicologic Effects

Signs and symptoms of 2,4-D poisoning in man include vomiting, abdominal
cramps, diarrhea, anorexia, muscle weakness, myotonia and excessive salivation (49).

A case of severe iritis following exposure to a herbicide containing 2,4-D as the
active ingredient was reported by McMillin and Samplel (2054). The incident
occurred after a previously healthy male rubbed his #-yes with unwashed lands while
moving containers of Weedone LV4. Within 3 hours, visual acuity had decreased.
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Other symptoms included ocular irritation, headache, photophobia and generalized
weakness. Examination of the eye nine days later showed ciliary flush and marked
vasodilation of the large vessels of the iris. ThIe man's condition resolved over the
next three weeks. This case is thought to e the first reported occurrence of ocular
toxicity from 2,4-D.

Sare (2117) reported a case of headac es and double vision in a weed sprayer
for an industrial spraying firm. Questioning of the subject revealed the symptoms to
occur at the end of the work day and cnly after Z4-D use.

A case of acute inhalation of 2,4-D occurred while spraying the herbicide along a
railway right-of-way (2055). The engineer •nd conductor on the train received an
intense exposur. to the herbicide. After the second day of exposure, both men noted
itching and burning of the oral and nasal mucosa and the conjunctiva. Small
ulcerations appeared on areas of the skin •'hich came in contact with the herbicide.
The following day, significant chest discomfort and a cough producing a mucoid
sputum were reported. Mild headache, mu.scle twitching and throat soreness ensued.
Chest X-rays and pulmonary function tests revealed no abnormalities of air flow, lung
volumes or diffusing capacity despite non-eS i xc complaints from both patients.

SThe majority of 2,4-D exposure cases :re due to inhalation or dermal contact
with a spraying mixture. A rare case of 2,4-D poisoning following accidental
ingestion was reported by Berwickc (2122). A farmer inadvertently swallowed a
mouthful (-30 mL) of a concentrated weed killer containing Z4-D. The victim's
tongue and throat felt badly burned and nausea and retching followed. Gastric lavage
was performed approximately one hour after ingestion. The victim appeared normal
but was sweating profusely and complained of a burning sensation in the mouth, chest
and abdomen. He continued to vomit and complained of gastritis for approximately
18 hours. At this time he complained of chest pain and tender muscles. Body
temperature rose to 39.4°C (103I) and cyanosis developed. A complete loss of
respiratory movements of the intercostal muscles ensued and oxygen therapy was
initiated. Muscles of the upper extremities exhibited spontaneous fibrillary twitching.
As the victim began to recover, he still complained of muscle soreness and urine
turned dark brown. Urinalysis revealed oxymyoglobin. Myoglobinuria has not
previouslv been reported in 2,4-D poisoning. Generalized skeletal muscle damage
was evident as shown by elevated serum glutamic oxaloacetic transaminase, serum
glutamic pyruvic transaminase, lactic dehydrogenase, aldolase and creatine
phosphokinase levels. The man was discharged 2 weeks after admission. Loss of
sexual potency was reported for 4 months.1 A 36-month follow-up revealed no signs
or symptoms of peripe.ral neuropathy.

60.3.2.2 Chronic Toxicologic Effect-

Chronic toxicity of 2,4-D has rarely been reported. Possibie chronic symptonis
may include dermatitis, weakness and myotonia (2050).
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A recent herbicide epidemiology study conducted in Kznsas by NCI found an
association between the use of herbicides %nd non-Hodgkin's lymphoma (2344). The
study covered a total of 424 cancer cases in white males - 133 soft-tissue sarcomas,
121 Hodgkin's disease and 170 non-Hodgkin's lymphoma. A control group of 948
men from the general white population was also included. The study found that
farmers who used phenoxy herbicides (particularly 2,4-D) had a 60% higher incidence
of non-Hodgkin's lymphoma than non-farmers in the state, and farmers exposed to
phenoxy herbicides for more than 20 days each year had six times the risk of
developing non-Hodgkin's lymphoma as non-farmers. Furthermore, farmers that
mixed and applied the herbicides themselves had eight times the risk and farmers who
began wing the herbicide before 1946 had a 70% greater incidence of non-Hodgkin's
lymphoma compared to farmers who began using the chemical in the 1950's and
1960's. It is unclear, however, that Z4-D causes cancer since the farmers were
exposed to a variety of products.

Woods et al. (3848) also found elevated risks of developing non-Hodgkin's
lymphoma among farmers, forestry herbicide applicators, and individuals potentially
exposed to phenoxy herbicides in any occupation for 15 years or more. An
association between increased cancer risk and a specific phenoxy herbicide could not
be shown.

An increased incidence of sott tissue sarcomas was reporter! in individuals
exposed to phenoxyacid herbicides. Eriksson et al. (2025) reported a 6-fold increase
in the incidence of soft tissue sarcoma following 'exposure to dioxin- and furan-fce
herbicides. The increased risk was related to Z4,5-T, silvex, chlorophenol, 2,4-D and
other phenoxy herbicide exposure.

In the above and additional epidemiology studies relating an increased risk of
several types of cancers to exposure to phenoxyacid herbicides, it was impossible to
separate the effects of exposure to contaminants and other chemicals present in the
herbicide formulations from the effects of exposure to 2,4-D alone (3268, 3267, 3046,
3412, 3686). Other studies showed no relationship between exposure to 2henoxyacid
herbicides and an increased risk of cancer (3594, 3838, 3558, 3346).

Case) and Collie (2116) reported a case of developmental delay and unusual
phenotypic abnormalities in a child whose parents had prolonged exposure before and
during pregnancy to 2,4-D. Both parents participated in forestry spraying of a
herbicide consisting of 2,4-D and 2,4-D amine. Spraying occurred 7 hours a day, 6
days a week from 6 months prior to conception until pregnancy was confirmed.

A case-control epidemiologic study on the relationship between 2,4-D exposure
and spontaneous abortion was conducted by Carmelli and Morgan (2121). Telephone
interviews were conducted on 134 women reporting miscarriages and 311 controls
(nost recent live births) from the agricultural industry. No association between
spontaneous abortions and husband or wife 2,4-D exposure were reported in the
agricultural workers; hcwever, an increased risk was noted in the forestry group.
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Long-term occupational exposure to 2,4-D reportedly resulted in gastric colic,
anorexia, somnolence, a sweet taste in the mouth, increased hearing sensitivity, a
sensation of drunkenness and heaviness of the legs (2132).

Examination of 292 workers engaged in 2,4-D amine and butyl er,*:r
manufactwecing revealed rapid fatigue, weakness, headache and vertigo in 63% of the
workers (2133). Approximately 20% of these workers experienced hypotension,
bradycardia, dyspepsia and gastritis.

WaMi et al. (2134) reported neurological changes in a worker exposed to 2,4-D
over a ,ne.year period. The worker developed painful paresthesias in the hands and
feet followed by painful muscular stiffness in all four limbs. Over the next two years
hiý condition deteriorated. Examination revealed fa.ciculation of facial, trunk and
•xtremity muscles. A biopsy of the right sural nerve (i.e., calf of the leg) showed
degenerative changes.

60.33 Leels of Concer

IARC (13, 57) lists 2,4-D as having inadequate evidence of carcinogenicity in
animals.

A maximum contaminant level of 0.10 mg/L has been set for 2,4-D in drinking
water (296). For noncarcinogenic risks, the USEPA (3977) has issued Health
Advisories of 1.0 mg/L (1 day) and 0.3 mg/L (10 days) and 0.1 mg/L (longer term) for
children, and 0.4 mg/L (longcr term) and 0.07 mg/L (lifetime) for aduts. The WHO
(666) recommends z level of 100 jug/L for 2,4-D in drinking water.

OSHA (3539) currently permits a time-weighted average of 10 mg/mi for 2,4-D.
The ACGIH (3005) also has set 10 mg/m' as a TWA for 2,4-D.

60.3.4 Hazard Assessment

The carcinogenicity of 2,4-D and its derivatives such as the amine salts and esters
has not been adequately tested. One feeding study (2123) conducted with rats
suggests an increased incidence of lymphosarcomas, but IARC (1607) considers this
study inadequate for evaluation due to the small number of animals in the test
population.

Available genotoxicity studies do not suggmt that 2,4-D is a potent mutagen.
Conflicting reports exist regarding the effects of 2,4-D on blood lymphocytes; positive
effects were noted in culture with concentrations of 10 Mg/mL or greater (2107, 2110)
while in vivo studies were negative (2108, 2109, 3476). Bacterial tests and a
dominant lethal test in mice were also negative (2127, 998, 3470, 998).

Mild embryo- and fetotoxicity were noted in rats and mice exposed to 50-87.5
mg/kg/day of 2,4-D during gestation. No teratogenic effects were recorded in either
study (2057, 3350). A three generation study indicated no adverse effects on fertility

Si i i ij
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or litter size in rats fed 100-1500 ppm 2,4-D in the diet during gestation but
post-natal survival of the pups expoc to 1500 ppm was sharply reduced (2113).

Acute toxic effects of 2,4-D exposure are characterized by sudden stiffness of the
ctremities, incoordination, lethargy, stupor and myotonia (Z 2130). The oral LD.
value in the rat is 370 mg/kg (51). Death has been ascribed to ventricular fibrillation.
The no-effect level for long-term exposure is not firmly established. One 13-week
feeding study in rats indicated dose-related alterations in liver and kidney pathology at
dosages of 60 mg/kg/day and above (2114). Another investigator noted no effects in
rats fed up to 1250 ppm or dogs fed up to 500 ppm in the aiet for two years (2115).

In humans, poisoning with 24-D results in vomiting, abdominal cramps, diarrhea,
anorexia, muscle weakness, myotonia and seszive salivation (49); chronic toxicity
other than occupational has rarely been reported. Long-term occupational exposure
can result in gastric colic, anorexia, fatigue, a sensation of drunkenness and heaviness
of the legs (2132, 2133).

Instances of peripheral neuropathy with incomplete recovery have been reported
following exposure to 2,4-D (2134, 2132). Several recent epidemiology studies have
shown that groups exposed to phenoxy herbicides have a higher incidence of several
types of cancers (2344, 3848, 2025). It is unclear, however, in these and other
epidemiology studies, that Z4-D causes cancr since workers were exposed to a
variety of products.

604 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of 2,4-D concentrations in soil and water requires collection of a
representative field sample and laboratory analysis. Care is required to prevent losses
during sample collection and storage. Soil and water samples are coLected in glass
containers; extraction of samples should be completed within 7 days of sampling and
analysis completed within 30 days. In addition to the targeted samples, quality
control samples such as field blanks, duplicates, and spiked matrices may be specified
in the recommended methods.

EPA-approved procedures for the analysis of 2,4-D in aqueous samples include
EPA Methods 8150 (63), 8250 (63), and 509B (1422). Prior to analysis, a measured
volume of sample, approximately 1 liter, is acidified and subsequently extracted with
ethyl ether using a separatory funnel The sample e-,a.ct is hydrolyzed with
potassium hydroxide and any extraneous organic material removed by a solvent wash.
Because chlorinated pheroxy herbicides may occur in water in various forms (e.g.,
acid, salt, ester), this hydrolysis step is included to convert all forms of the herbicide
to the acid form for analysis. 24-D in the acid form is then extracted and converted
to the methyl ester of 2,4-D using diazomethane (Method 8150) or boron
trifluoride-meth.anol (Method 509B) as the derivatizing agent Additional cleanup
procedures are specified if interferences are present in the smple matrix. Excess
reagent is removed and an aliquot of the concentrated sample iL injected onto a gas
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chromatographic (GC) column. The GC column is programmed to separate the
semi-volatile organics; 2,4-D methyl ester is then detected with an electron capture
detector (Methods 8150 and 509B) or with a mass spectrometer (Method 8250).

* Indentifications for unknown samples should be confirnmed by analysis on a second
chromatographic column (if using retention time as the identifier).

The EPA procedures recommended for 2,4-D analysis in soil and waste samples,
Methods 8150 and 8250 (63) differ from the aqueous procedures primarily in the
preparation of the sample extract. Solid samples are initially extracted with

* acetone/ethyl ether using a wrist-action shaker. The solvent extract is washed,
concentrated and then derivatized.

In addition to the methods described above, solid-phase extraction with C18
columns has been recently used to isolate and concentrate phenoxy-acid herbicides in
aqueous samples (3832, 3640, 3294). Separations for analytical determinations are
then made by thin-layer chromatography (3640) or high performance liquid
chromatography (3832, 3249). These methods are direct and rapid. They should
improve the accuracy of the analysis over the derivatization methods described above.
Other GC columns than those specified by the EPA procedures have also been
examined and found to improve separations (3825, 3824). An isotope dilution
GC/MS method (3403) and enzymatic immunoassays (3216) have been used to
determine 2,4-D in water.

Typical 2,4-D detection limits that can be obtained in wastewaters and
non-aqueous samples (wastes, soils, etc.) are shown be!ow. A detection limit for
2,4-D was not indicated in Method 8250 but would be in the range of 1-10 1hg/L for
aqueous samples ac.d 1 jg/g for nonaqueous samples. The actual detection limit
achieved in a given analysis will vary with instrument sensitivity and matrix efects.

.Aqueous Detection Limit Nonaqueous Detection Limit

12 jg/L (Method 8150) 0.8 /ig/kg (Method 8150)
0.01-0.05 ;g/L (Method 509B)
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COMMON CAS REG.NO- FORMULA. AIR W/Y" CONVERSION
SYNONYMS: 93-76-5 CAH3 30) FACTOR at 25 * C

2,4,5-T NIOSH NOQ
2,4,5-Triclijor- AJ8.000 10.44 mg/m'm 1 ppm;
o"encxy acetic acid 0.0% ppm = 1 mg/mr
ForrocO

II MOLECULAR" WEIGHT;
a 0-CH2-•-O--H 255.49

For general compati. lity classification purposes, 2,4,5-T is
consi&red to be both an organic acid and a halogenated
organic compound. Reactions of organic acids with amines,
caustics, or nitriles typically evolve beat, while th, -: with
oxidizing mineral acids, azo or diazo compounds, hydrazines
or ikocyanates evolve heat and usually innocuous gases.
Reactiins with nitrides, strong reducing agents, and certain
elemental metals may evolve flammable gases and possibly
beat, while those with alkali or alkaline earth elemncntal
metals may also cause a fire. Reactions with inorganic
fluorides or sulfides, or strong oxidizi-ig agents may evolve
toxic gases and possibly heat. Reactions with cyanides or

REACTTITY dithioca'bamate* may Froduce both toxic and flammable
gases, -ith the latter classification also producing heat.

eactions with alcohols, glycols, aldehydes, epoxides or
polymerizable compounds may ini..ate a violent exothermic
polymerization reaction. Explos.ve mateiials may explode.
Those with alkali or alkaline earth elemental metals, certain
other chemically active elemental metals like aluminum,
zinc or magnesium, organic peroxides or hydroperoxidcs,
strong oxidizing agents, or strong reducing agents typically
result in heat generation and explosions andior fires (511).

# Phyical State: Solid (at 20C) (23)
t Color: Light Tan (23)
0 Odor: Odorless (54)
* Odor Threshold: No da'a

PI"YSICO- • Density: 1.6620 g/mL (at 30"C) (59)
CHEMICAL 0 Freeze/Melt Point: 151.00 to

DATA 158.00WC (23,38)
* Boiling Point: Decomposes above

meltinz- point (38)
• Flash Point: No data
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* Flammb;be Limits: No data
9 Autoignition Temp.: No data
• Vapor Pressure: Essentially zeo (38)
* Satd. Cone. in Air:. Not pertinent
* Solubility in Water 3.OOE+02

M&4. (max) (at 20C) (38)
a V'mcxity- -No data

PHYSICO- • Surface Tension: No data
CHEMICAL * Log (Octanol-Water Partition

DATA CoeM): 3.13 (1219)
(Cont) o Soil Adsorp. Coeff:, 6.50E+02 (611)

0 Henry's Law Coast.: 1.21E-09
arnm m'/Mol (at 25-C) (1219)

* Bioconc. Factor: 6.50E+01 (estn) (659)

24,5-T m expected to be highly dissociated, relatively
PERSISTENCE mobil-, And non-pez.istent in natural soils due to limited
IN THE SOIL- sorption and relatively rapid degadation. Risk of

WATER groundwater contirnination is lcw except under condi-
SYSTEM tions of heavy apph• aion, high soil pH and heavy

rainfall shortly after application.

The primary pathway of concern from the soil/ground-
water system is the migration of 2,4,5-T to groundwater

PATHWAYS drinkirng wa~er supplies., Degradation in the environ-
OF ment will m'nirnize exposure by this pathway, however,

EXPOSURE and other ervooure pathways are unlikely to be,
significant.



Sign= and Symptoms of Short.term Human Exposure:

Expmure to 2,4,5-T may cau• abdominal pain, nausea, .,,-•
vomiting, diarrhea, and blood in the ,tool Skin ........
•tat• may also occur.

•;'= Tc•citv Studj.•: (3504)
•L •

LDs 300 mg/kg Rat ,-0:•!•
LD,, 381 rag/it4 Guinea Pig ;:,;'•i•
LE'•, 242 mg/kg Mome •::!;ii
L•, 310 mg/kg Chicken ,',:!:•'i
LD•, 4'_.5 m•kg Hamster .......

DATA SK•: ........ "
LD•, 1535 mg/kg Rat ......

Long.Term Effects: Reduced body weight gain; liver
and k.iJnev alteratiom (animal ,•fata)
Pre•an•/breonate Dat•: Pc•ib!e te(•tog•n in mi•;• ....

Catrcino•enk'ity Clarification: •:,;•

IARC - Group 3 (evidence for carcinogen/city to •x.',:
animals and humam inadequate) i•!•:?

NTP None mitp•d •'•'•"•
° *:" ;"2•!

EPA - Group D (not classifiable as to human }•,=:
earcino•aicity) •'•'

• '•

2£'•F

• _

S3 :,'

• ,:i 7

,.• . • •. ." -•].•.._' ... .. •.•.[1_ •. 2. I I IIIIIIIII1[ I I ' I II II I II IIll I • •,•
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Handle cbemica! only with adequate ventilation.
Concentrations of 10-50 mg/rn3: Any dust and mist
respirator, eczept sicgle-use * 50-100 mg/rn': Any dust
and mist respirator, ecpt single-ust or quarter-mask
respirator or any fu~me respirator or high efficiency
particulate filter respirator or any supfplied-air respirator
or any self-contained breathing apparatus * 100-500
mg/rn': A high efriciency particulate filter respirator

HANDLING with full facepiece or any supplied-air respirator with a
PRECAUTIONS full facepiece, helmet or hood or any self-contained

(38) breathing apparatus with fulfl facepiece * 500-5000
mgWn: A power air purifying respirator with a high
efficiency particulate filter or a type C supplied-air
respirator operated in pressure-demand or other positive
pressure or continuous-flow mode 0 Chemical goggles
if there is a probability of eye contact 0 Protective
clothing to prevent repeated or prolonged skin contact.

ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA

AIR EXMO$ZE LMT:

Stjndards
* OSH-A TWA (9-br): 10 mg/rn'
* AFOSH PEL (8-hr TWA): 10 mg/rn'; STEL (15-min): 30 mg/rn'

"* NIOSH IDLI (ý0-rnin): 5000 mg/rn'
"* ACGIH TLV(R) (8-hr TWA): 10 mg/rn'
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CR, .RIA (CoOt.)

WATER EXPOSURLIML= :

Drinking Water Standards
None ctzb~ished

EPA Healh Advisories and Cancer Risk Levels
The EPA has developed tbe following Health Advisories which provide
specific advice on the levels of contaminants in drinking water at which
adverse health effects would not be anticipated.

- 1-day (child): 800 mg/L
- 10-day (child): 800 ug/L
- longer-term (child): 800 jg/L
- longer-term (adult): 1000 jig/L
- lifetime (adult): 70 jg/L

WHO Drinkigr Water guideline
No information availabl e

EPA Ambient Water Quality Criteria
0 Human Health (355)

No criterion established; 2,4,5-T is not a priority pollutant. ,

0 Aquatic Life (355)
- No criterion established; 2,4,5-T is not a priority pollutant.

R_.F, ERENCE P.,5U:
ORAL- 1.000E+01 jg,'g/day (3744)
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REGUIATORY STATUS (as of 01-MAR-89)

Promulgated Rerlatior•
S Federal Programs

Clean Water Act (CWA)

2,4,5-T is designated a hazardous substance. It has a reportable
quantity (RQ) limit of 454 kg (347, 3764).

Safe Drinkine Water Act (SDWA)
2,4,5-T is on the first priority list of drinking water contaminants for
which National Primary Drinking Water Regulations will be developed
(3781). In states with an approved Underground Injection Control
program, a permit is required for the injection of 2,4,5-T-containing
wastes designated as hazardous under RCRA (295).

Resoue Cor1'2tion and RecoveryL.t (RCRA)
Z4,5-T it identified as a hazardous waste (U232) and listed as a
hazardous waste constituent (3783, 3784). Non-specific sources of
2,4,5-T-containingl waste are wastes from production or manufacturing
use of tri-, tetra-, or pentachloro- phenols and their pesticide
derivatives, discarded unused formulations containing these compounds,
and residues resulting from incineration or thermal treatment of soil
contaminated with these formulations (325). 2,4,5-T is on EPA's
ground-water monitoring list. EPA requires that all hazardous waste
treatment, storage, and disposal facilities monitor their ground-water
for chemicals on this list when suspected contamination is first detected
and annually thereafter (3775). Effective July 8, 1987, the land
disposal of untreated hazardous wastes containing halogenated organic
compounds in total concentrations greater than or equal to 1000 mg/kg
is prohibited. Effective August 8, 1988, underground injection into
Jeep web of these wastes is prohibited. Certain variances exist until
May, 1990 for some wastewaters and nonwastewaters for which Best
Demonstrated Available Technology (BDAT) treatmert standards have
not been promulgated by EPA (3786). EPA requires that non-liquid
hazardous wastes :containing halogenated organic compounds (HOCs)
in total concentraticns greater than or equal to 1000 mg/kg or liquid
hazardous wastes 'containing HOC& in total concentrations greater than
or equal to 1% HOCs must be incinerated in accordance with the
requirements of 40CFR264.343 or 265.343 (3782).

.Qmk.ehn- ,ironmental Peaponze Comtxnsation and Ligbility
AcA (CERCLA) [
2,4,5-T is d-signated a hazardous substance under CERCLA. It has a
reportablk quantity (RQ) limit of 474 kg. Reportable quantities have
also been issued for RCRA hazardous waste streams containing 2,4,5-T
but these depend upon the concentrations of the chemilals in the
waste stream (3766).

but hes deend pontheconentrtios o th chek~as i th
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dn rtectio a arclid Sa nctaxie Act (M1PRSA)
Oandumping oi organohalogen compounds as webi as the

dumping of known or suspected carcinogens, mutagens ok- teratogens
ia prohibited except when they are present as trace contaminants.
Permit applicants are exempt from these regulations if they can
demonstrate that such chemica con~stituents are non-toxic and
noa-bioaccumuladive in th~c marine environment or are rapidly
rendered harmless by physical, chemical or biological processes in
the sea (309).

--pational Safety and Hea th Act (OSHA)
Employee exposure to 2,4,5-T shaUl not exceed an 8-hour
time-weighted average (TWA) of 10 ing,/' (3539).

Hazardous Materials Trans nration Act (HMTA)
The Department of Transportation has designated 2,4,5-T as a
hazarduus material with a reportable quantity of 454 kg, subject to
requirements for packaging. labling and transportation (3180).

All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Exposures Limits section) as their

proulgated state regulations, either by narrative reference or by
rlsng the specific numeric criteria. These states have promulgated

additicnal or more stringent criteria:

Kansas has an action level of 21 ug/L for ground-water (3213).

New York has an MCL of 50 p~gtL for drinking water and a water
qitality standard of 35 jgg/L for ground-water classed for drinking
water supply (Class GA) (3!0 1).

VERMO
Ve-mont has a preventive action limit of !0.5 pugtt and an
Ienfcemenl. standard of 21 psg/L for ground-water (3682).

No proposed regulations are pending.

* State W aterPogas

Most states are in the process of revismingthei watcr programs and,
proposing changes in their regulations which will follow EPA's
changes when they become final. Contact with the state officer is
advised. Changes are projected for 1989-90 (3683).

-N
Minnesota has propotied a Recommended Allcvwabkc Limit (RAL) of[ ~21 ug/L for 2,4,5-T in drinking water (3451).
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Directive on Drinlkdna Wat•er (533)
TIe mandatory values for total ýesticides in surface water treatment
categories Al, A2 and A3 used or intended for abstraction of drinking
water are 0.001, 0.0025 and 0.005 mg/L, respectively. There are no
guideline values.

Directive Relating to the Ouati• of Water for Hnrman Consumotion
(540)
The maximum adm -ible concentration for 2,4,5-T is 0.1 mg/L The
total maximum allowable concentration for pesticides and related
products is 0.5 mgL.

Dirctive on 0rn. urd-Water (538)
Direct discharge into ground-water (i.e., without percolation through
the ground o~r subsoil) of organophosphorous compounds,
orgacohalor.gn compounds and substances which may form such
compounds in the aquatic environment, substances which possess
carcinogenic, mutagenic or teratogenic properties in or via the aquatic
environment and mineral oils and hydrocarbons is prohibited.
Appropriate measures deemed necessary to prevent indirect discharge
into ground-water (i.e., via pe,-colation through ground or subsoil) of
these substances shall be taken by member countries.

Dirctiv on Bathing Water Quality (534)
When insmection of a bathing are" shows that heavy metals, pesticides
or cyanides may be present, concentrations should be checked by
competent authorities.

Dijrgtion the Gllt' Required of Shellf'.h Waters (537)
The mandatory specib..ations for organohalogenated substances specify
that the concentuation of each substance in the shelif7sh water or in
shellfish flesh must not reach or exceed a level which has harmful
effects on the shellfh and larvae. The guideline specifications for
organohalogenated substances state that the concentration of each
substance in shlUffih flesh must be so lim3:ed that it contributes to the
high quality of shellfish product.

Directive on the DMcharze of Dangerous Substancs (535)
Organohalogens, organophcsphates, petroleum hydrocarbons,
carcinogens or substances which have a deleterious effect on the taste
and/or odor of human food derived from aquatic euvirornents canrot
be discharged into inland surface waters, territorial waters or internal
coastal waters without prior authorization from member countries
which issue emission standards. A system of zero- emission applies to
discharge of these substances into ground-water.
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DiLetive on Marketing and Use of Dauggrom Sut racc (541)
Z4,5-T may not be used in ornamental objects intended to produce
light or color effects by means of different phases.

Dkrctivy on Tox*c Ed Dangerous W Mstes (542)
Any installation,'estabiisment, or undertaking which produces, holds
and/or disposes of certain toxc and dangerous wastes including phenols
and phenol compounds; organic-halogen cor-pounds; chrome
compounds; lead compounds; cyanides; ethex; and aromatic polycylic
compounds (with carcinogenic effects) shal keep a record of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used for disposing of such
waste.

Directiv on Classification. Packa~ing and Labeling of Pesticides (786)
Z4,5-T is listed as a Class IUib substance and is subject to packaging
and labeling regulations.

n-rctive on the Clamification. Packaging and Lableiniz of Dangerous$ubstancm (787)
Z4,..T is classified as a harmful substance and is subject to packaging
-and labeling regulations.

EEC Directives - Pro022
Proposal for a Coundcil Dirtive on the Dum ing of Waste at Sea
(1793)
EEC has proposed that the dumping of organohalogen compounds at
sea be prohibited.
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61.1 MAJOR USES

2, 4, 5-Trichlorophenoxy acetic acid (2,4,5-T) is an organic acid that possesses the
Pre of regulating plant growh at low concentrations and killing plants at high
conentrations. It has been used to induce coloration in fruit, as a fruit set and
antidrop agent, for brush control and to control aquatic and herbaceous land plants
(2143). In 1979, EPA ordered an emergency ban on 2,4,5-T production based on a
report of an increase in spontaneous abortions in women of a forestry community.
That ban has never been lifted and all uses have been canceled. This effect may
have been caused, at least in oart, by the contaminant 2,3,7,8-tetrachlorodibenzo-p-
dioxin (2,3,7,8-TCDD).

61.2 ENVIRONM4ENTAL FATE AND EXPOSURE PATHWAYS

61.2.1 Traport in Soi__round-water System

61Z2LI Oweuview

Z4,5.7 is expected to be relatively mobile in the soil/ground-water system when
present at low dissolved concentrations. Bulk quantities of the solution (e.g., from a
spill, heavy spray application, or improper disposal of excess formulations) could be
transported rapidly through the unsaturated zone. However, as discussed later in this
section, 2,4,5-T has been shown to be higl" susceptible to degradation in the
soil/ground-water system and is not expe 1ed to be persistent.

2,4,5-T herbicides have been usrJ extensively on agricultural and forest lands. In
herbicide formulations, 2,4,5-T ; .-sually a relatively minor component with the esters
and/or amines comprising the bulk of the active ingredients. For example, in Agent
Orange, the phenoxyacetic acids (2,4-D and 2,4,5-7) represent only about 1% while
the n-butyl esters of 2,4-D ani 2,4,5-T represent 49.5% and 4&8%, respectively
(1850). Agent Purple, which was used prior to 1964, is a 50.30-&20 mixture of the n-
butyl esters of 2, 4-D and the n-butyl and isobutyl esters of 2,4,5-T (1650). Lnder
most environmental conditions, except very low pH levels, the alkyl esters of 2,4,5-T
will be hydrolyzed in a matter of days. In a laboratory hydrolysis study, 58% of the
2,4,5-T applied to water at 1 ppm was detected after 4 hours, 33% after 8 hours, and
12% after 16 hours (1895). Biological hydrolysis oE these materials has also been
reported to be very rapid (1852). Since 2,4,5-T, as the predominant breakdown
product of the 2,4.5-T esters and amincs, is more stable than the original materials,
its fate in the environment is of prime concern. Therefore, this chapter will focus on
a discussion of the transport and transformation of the acid, Z4,5-T.

2,4,5-T is a moderately strong organic acid with reported pKa values ranging
from 284 to 288 (1864, 1897) and thus is almost completely dissociated to the
anionic form at typical environmental pH levels. For example, the extent of 2,4,5-T
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dissociation in pure water at pH 3, 4, 5, 6, and 7 is approudmately 50%, 90%, 99%,
99.9%,and 99.9%-, respectively. In generAl, the dissociated form (i.e.,the 2,4,5-T
anion) is expected to be more soluble in water, less strongly sorbed to soils, and less
likely to be bioaccumulated than the undissociated form. Thus, the sor/ground-watei
pH level is very important in determining ,ahe mobility of 2,4,5-T.

In Feneral tranport pathways can be assessed by using an equilibrium
partitioning model, vs shown in Table 61-1. These caculations predict the
partitioning of low soil concentrations of 2,4.5-T among soil particles, soil-water, and
sol air. Portions of 2,4,5-T associated with the water and air phases of the soil
generally have higher mobility thmn the adsorbed portion. Partitioning estimates are
given for the total chemical (dissociated as well as undiisociated 2,4,5-7) at various
pHs and for the undissociated form of the chemical, the latter being valid only for
vry low pHs (Le., less than the pKa of 2.2). Estimates for the unsaturated topsoil
model indicate that while most of the undissociated Z4,5-T in the modeled system ýS
expected to be associated with the stationary phase, most of the 2,4,5-T present in
the soil at common environmental pHs (>5) will be in the mobile soil-water phase
and thus easily leached. An insignificant portion of 2,4,5-T is expected in the gaseous
phase of the sol;- diffusion of vapors through the soil-air pores up to the ground-
surface i: not expected to be important. In saturated, deep soils (containing no soil
air and negligible soil organic carbon), a higher percentage of the undissociated
2,4,5-T (27%) and almost all of the 2,4,5-T present at environmental pH levels is
predicted to be present in the soil-water phase (Tab!e 61-1) and available for
transport with flowing ground-water. Ground-water underlying 2,4,5-T-contaminated
soils with low organic content appears to be Awulnerabl- to contamination. However,
data discussed later in this section demonstrate that biodegradation of 2,4,5-T (which
is not addressed in this partitioning model) largely prevents 2,4,5-T from being a
serious threat to, ground-water.

Due to the extensive use of 2,4,5-T herbicides, sever'l groux have studied its
persistence in so7s. In general 2,4,5-T has a low K. value, low Henry's law constant,
and high rate of degradation. Volatilization is not expected to be important, the
chemical is not experted to persist in the soil/ground-water system due to rapid
degradation, and leaching of residual amounts may be rapid (1850, 1864, 1985). The
organic content and microbial activity of the soil, the pH of tie soil, and extremes in
the rate of 2,4,5-T application have been reported to affect the persistence of 2,4.-T
in soil. Extensive degradation of 2,4,5-T in neutral soil within one month has been
reported (1864, 1857, 1872, 1895). lower rates of degradation were reported in acid
soil. Reported half-lives for 2,4,5-T in soils range from 14 to 45 days (1859, 1850).
The time reported for 90% disappearancw of 2,4,5-T applied to soil is on the order of
1-6 months (1857, 1864, 1895); after 55 weeks, less than 1% could be identified
(1857). A somewhat higher persistence has been noted in forestry soils than in
agricultural soils; the higher rate of application and lower pH has been cited in
explaining this observation (1859).
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TABLE 61-1
EQUILIBRIU,'M PARTITIONING CALCULATIONS

FOR 2,4,5-T IN MODEL ENVIRONMENTS'

Soil Etima td Percent of Total Ma.s of Chemical in Fctch Comnartment
Enio gt ,soil &)d -Water Soil-Air--- '

Unsaturated topsoil
at 25C

"• Undissociated
Z4,5-T 992 0.8 <lE-07

"* Total Z4,5-T

pH 3 49.6 50.4 <IE-07
pH 4 9.9 90.1 <IE-08
pH 5 1 99 <IE-09
pH 6 0.1 99.9 <IE-10
pH 7 0.01 99.99 <IE-11

Saturated deep soil"

"* Undissociated
Z4,5-T 73 27

"* Total 2,4,5-r

pH 3  37 63
pH 4 7 93
pH 5 0.7 99.3
pH 6 0.07 99.93
pH 7 0.01 99.99

a) Calculations based on Mackay's equilibrium partitioning model (34, 35, 36); see
Introduction in Volume I for description of model and environmental conditions
chosen to represent au unsaturated topsoil and saturated deep soil. Calculated
percentages should be considered 9s rough estimates and used only for general
guidance.

b) Utilized soil sorption coefficient estimated according to Means et al. (611):

c) Henry's law constant taken as 1.21E-09 atm n m'/mol at 25°C (Arthur D. Little,
Inc. estimate).

d) Used sorption coefficient K, = 0.001 x K,
e) The distribution for total 2,4,5-T assumes that all of the dissociated fraction

partitions to the so-i-water compartment and that the approximate percentage of
dissociation is as follows: 50% at pH 3, 90% at pH 4, 99% at pH 5, 99.9% at
pH 6, and 99.99% at pH 7.

/ , ,
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Under normal herbicide application rates, 2,4,5-T is not expected to persist from
one season to the next (1862). Only where 2,4,5-T herbicides were applied at
massive dc-es (-1000 Ib/A) were there significant residues after 10 years (1850).
Initial 2,4,5-T soui concentrations of 200-3700 ppm were reported to decrease 18% to
98% at two Air Force test sites monitored over a 12-month period (1860). A
decrease in pesticide degradation, possibly due to a reduction in the rumber of active
organisms, and rapid leaching were offered as explanations for the increased
persistence at high concentrations.

Although Z4,4-T is expected to be relatively non-peristent in the
soil/ground-water emvironment, trace levels have been observed in surface and
ground-wateri. In a Canadian surface water quality monitoring program, 36% of the
stations monitored exhibited detectable levels of 2,4,5-T (1852); in another study, 21
of 949 stream waters showed 2,4,5-T residues (1862). Frank et al. (1863) reported
2,4,5-T contamination of well water in an agricultural area; serious contamination
occurred after a spill near the ,ieLl. All three of these reports indicate that transport
to surface and well waters occurred as a direct result of spray activity in the vicinity
of streams (aerial drift) or transport with storm runoff near the time of 2,4,5-T
application. Although substantial quantities of 24,5-r have beer• detected in runoff
following the first rainfall event after application(due to high solubility and weak
sorption), Z4,5-T run off concentrations decline rapidly and generally account for less
than 1-5% of the application (1864, 1865, 1895) with most of the loss associated with
the water phase.

6121.2 Sorpton on Soilk

2,4,5-T is weakly adsorbed to most soils and rapid migration has been reported in
field and laboratory studies (1852, 1864. 1867, 1868, 1899). The acid dissociation
constant (pKa) of 2,4,5-T has been reported to range from 2-34-Z88 (1864, 1897).
Since the pH of most scils is greater than ..5 and that of most natural waters is
greater than 6.0, environmental 2,4,5-T is expected to exist primarily in the anionic
form which is poorly adsorbed due to its high water soiubility and possible repulsion
by the surface negative charge of soil organic matter and clay (1864). Strong sorption
onto clays in acidic environments has been rported (1871, 1889). In general, it is
expected that 2,4,5-T, like 2,4-D, will be weakly sorbed to environmental soils and
that adsorption is a function of organic content and the pH of the soil. The
observed variation in 2,4-D K,. values supports the expected decrease in sorption with
increasing pH; a similar trend is expected for 2,4,5-T.

In view of the -.igh solulIty of 2,4,5-T at environmental pH levels, rapid

leaching may be expected. Vertical transport to 90 cm has been reported (1864,
1899, 1868); migration of 2,4,5-T in acid soils (e.g., forest soils at pH 3-4) is expected
to be much slower (1899). Majka et al. (1868) reported very little retardation of
Z4,5-T applied to either acidic or basic soils at massive rates (560-2800 kg/ha). The
persistence of unadsorbed 2,4,5-T in the. soil environment is expected to be minimal.
Several studies (1864, 1868, 1872) have . ported that most (-90%) of the
undegraded, 2,4,5-T remained Ln the top 2.5-10 cm of soil, with only low levels

4,,



. . . .

61-14 Z4,5-T

depths. One study (1872) reported no detectable residues below 5 cm depth one
ycar after normal application te chaparrnl vegetation and soil.

612.1.3 Voh&Tad~ftoa fiiom Soalp

Due to its lo%, vapor pressure and relatively high water solubility, evaporation of
Z445-T from aqueous solution is expected to be negligible (1864). The extremely low ""

vulue calculated for the Henry's law constant, 1.21E-09 atm m)/mol (1210, 808)
confirms that volatilization will be inmirnial The rate of volatilization from soil is
Senerally signi~cantly lower than that from water. Therefore, volatilization of 2,4,5-T
from surface soils or in soil air will not be an important transport process, particularly
in the presence of any soil moisture.

The vapor pressures of the aikyl esters of 2,4-D and Z4,5-T are reported to be
several orders of magnitude higher than those of the acids (2050), and significant
airborne losses of the 2,4-D esters from 'x=mercial herbicide formulations have been
reported (1874, 1875). Volatilization is related to soil moisture and vapor losses, from
dry soil have been reported to be minimal (1874). Ambient air monitoring performed
during Herbicide Orange disposal operations indicated very minor e-vaporative
emissions of 2,4,5-T during handling of concentrated berbizide solutions (1873).

61.2.2 Tramfonnaton Process in Soilwoowx-water System

2,4,5-T is an acidic compound (pKa = 28-EW-2.88) and has a strong tendency to
hydrolyze in the presence of water. At pH levels above 5.0, 2,4,5-T is expected to be
greater than 99% dissociated. Degradation reactions (oxidation, reduction, hydrolysis,
substitution) have been reported to occur in water when activated by sunlight (185,
1864, 1895, 1396, 1897. A half-life for 2,4,5-T in clezr shallow water exposed to 12
hours per day unobstructed sunlight wa3 estin~ated at about 40 days, twice that of
Z4-D. In another experiment, 57-97% of a dried film of 2,4,5-T on glass wau
degraded after wevn days of irradiation (1876); other zuthors have reported that
Z4,5-T is stable under dry conditiotts (1864). Skurlatov et al. (1897 have reported
rapid photolysis of Z4,47 -T in natural waters, enhanced by the presence of humic
substances; the hali?-life reported for direct photolysis of anionic 2,4,5-T is 15 days.
The major product of photodecomposition is 2, 4, 5-trichlorophenol.

Numerous studies have shown that 2,4,5-T is readily biodegraded by micro-
organisms and that microbial metabolism is the predominant (or even sole) factor
affecting decay in soils (1866, 1878, 1885, 1887, 1900, 1903, 1904, 1905). Most
half-lives reported for the biodegradation of 2,4,5-T in soils range from 10 to 45 days
(1901, 1887, 1856). Degradation of 2,4,5-T in ground-water was reported to be very
low (10%) (1906).

Degradation experiments have established that both aromatic and side chain
carbons of 2,4-D can be rapidly convertiA to CO2 (1905, 1885, 1894). Principal
degradation products include 2,4,5-trichlorophenoi and 2,4,5-trichloroanisole which ar:
not expected to accumulate in the environment (1895, 1903, 1904, 1905).
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Breakdown of 2,4,5-T, like Z4-D, has been reported to follow a -ell established
degradation pattern of two int-order reactions: a slow initial reaction (lag phase)
during which microbial enrichment occurred, followed by a rapid first-order decline in
concentration. Rosenberg and Amexander (1905) report a lag period of 2.5 months
foLlowtd by rapid cometabolikm with 7,4-D. Severn authors report no increase in
2,4,5-T breakdown rate with adartation o1856, 1901); an increase has been reporte',
after addition of growth supplement (1878).

In general, degradation of Z4 ".T in soil is not correlated ipecifica~ly with soil
properties but has been shown to depend nrimarily on microbial population and
numbers of 2,4,5-T degraders raiable (1885). Data on the effect of sorption an
2,4,5-T degradatio n are limited; behavior of 2,4,5-T is expected to be similar to that
of 24-D. Young (1,389) reported no degradation of 2,4-D sorbed on charcoal in
spite of the presence of degrading organisms. Most data for 2,4-D indicate no
adverse impact on soil biota due to normal applcation; however, several studies have
reported significant redtction in The tol bncterial population and the rate or"
biodegradation following repeated applications of high doses (1881,1891,1892,1893,
1894). Biodegradation of Z,',5-T may also be slower at high concentrations.

The breakdown of 2,4,5-T has bt-:n shown to be dependent on the availability of
soil moisture; littlf or nc, degradation was observed in dry soils (1884, 1887, 1902).
Low soil temperatures have also been shown to minimize decomposition (1899).
Half-lives for 2,4,5.T degradation tanged from 4 days at 35 *C and 34% soil moisture
to 60 days at 10C and 20% soil mcisture (1902). The impomnce of the presence of
oxygen has also been demonstrated in that degradation slows sigrificantly under
flooded (anaerobic) conditions; e.g.. over six weeks, 53% 2,4,5-T loks was observed in
a moist field compared to 16% loss under flooded conditions (1884). How-evr.
anserobes h-ve been shown to degrade 2,4,5.T by dechlorination to 2,5-D which can
then be further degraded (1907).

In summary, 2,4,5-T has the potential to be rapidly degraded in the soil
environment. The rate of bicdegradation is related to the availability of degrading
microbial porutations, and massive doses may be degraded more slowly. Since the
cotrcentratio%- of soil microorganisms capable of biodegradation is fairly low and drops
off significant y with depth, biodcgradatioi in the soil/ground-water system may be
minimal Thus, 2,4,.5-T transported vertically into the suhsoil may represent a
potential threat of grmurd-watet contamination. In ground-waters, 24,5-T
degradation is epectý.4 to be s!cw, possibly due to limited microbial populations.

61.23 Primary Routes of E-xpovur froca Soilr~rund-water Systemr

The above 'iscussion of fate pathways suggests that undmuxciated 2,4,5-T is
nonvolt:ile, moderately sorbed to soil, and has a moderate potential for
bioaccumulation. These fate characteristics suggest several potential exposure
pathways.
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Volatilization of 2,4,5-T from a disposal site is expected to result in negligible
e¢axsure to workers or residents in the area because 2,0,5-T in either dissociated or
undissociated form is non-volatile. The potential for ground-water contamination
exists due to the moderate sorption of the undissociated acid on soil, and the weaker
retention of the dissociated acid, which is expected to be the prcdominant form under
virtua&ly all pH levels of environmental concern. The susceptibility of 2,4,5-T to
degradation, however, should reduce its occurrence in drinking water supplies. No
literature ivra found indicating that ground-wat-cr used as drinking water has been
contaninated with Z4,5-T.

The movement of 2,4,5-T in ground-water or its movement wth soil particles
may result in discharge to surface water. As a result, ingestion exposures may occur
from the use of surface waters as drinlkng water supplies and dermal exposures may
result from the recreational use cf surface waters. In some cases, the poteatial for
uptake of 2,4,5-T by aquatic organisms or domestic animals may be important.
However, due to its lack of p .rsisterce and moderate bioconcentration factor, only in
unusual circumstances (e.g., a large spill) are the exposure pathways from
soil/ground-water systems expected to be significant.

61.2A Other Sourtc of Human Eposue

Peak production of 2,4,5-T in the United States occurred between 1960 and
1968; in 1979 after an EPA ban on most of its permitted uses, production in the U.S.
ceased (1918). Therefore, 2,4.5-T is not expected to be widespread in the
environment given the absence of its current use and its lack of persistence. The
year in which studies of human exposure to the chemical in the environment were
conducted should always be noted.

According to a 1979 report, 2.4,5-T had never been detected in drinking water at
detection limits in the parts per trillion range (1895). The same report notes that
between August 1967 and September of 1968, 2,4.5-T was detected at concentrations
ranging from 0.01 to 0.07 ppb in a study of 11 waterways in agricultural areas of the
western U.S. In a Canadian study of 11 agricultural watersheds conducted between
1975 and 1977 in which 24,5-T had been applied to non-agrxcultural land,
concentrations ranging from 0.1 Mg/L (the detection limit) to 1.1 MOjL were measured
in 21 of 949 water samples (1919). J.mes of the herbicide were correlated to drift
from spraying operations and storm runoff into streams, especially when precipitation
occur-ed shortiy after application. Wells in Canada have also been found to be
contaminated by 2,45-T from the same sources and fr)m spillage; in none of 25 cases
was ground-water identified as the source of contamination (1863). Recent accounts
of the presence of 2,4,5-T in surface water or ground-water were not found in the
literature.

Data on human exposure to 2,4,5-T in air are limited. In 197'A the most recent
year for which data were found, 2,4,5-T (not including esters) was detected in three
states in a monitoring program of predominantly agricultural areas of 28 states (1895).
Concentrations ranged from 0.8-1.7 ng/m' (1895).

k+ : - - I I . .. . . .• . . ..... .. . II[ ] . . £ . . . . • U l,- o • L . .
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Exposure to 2,4,5.T in food can be expected to be negligible. Market basket
surveys of chemicals in the diets of adults (1245) and infants and toddlers (1244)
conducted in 1978 and 1979 reported no 2,4,5-T in the diets. None was detected in
surveys consisting of 155 total diet samples (detection limit 0.02 ppm) taken between
1969 and 1974 either (1895). Even in samples taken between 1964 and 1969 during
the period of peak 2,4,5-T ;age, contamination was minimal - 3 of 1600 food
composites (1895). The Advisory Committee to the EPA on 2,4,5-T concluded in
1971 that the risk of human exposure from food, air or water was negligible (213).

61.3 HUMAN HEALTH CONSIDERATIONS

The industrial production of Z4,5-T always results in low level 2, 3, 7,
8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) contamination. The presence of this
unwanted side-product of synthesis may result in !oxicological effects unrelated to the
24,5-.T itself and must be considered in any health-related analysis of 2,4,5-T (the
toxic effects of 2,3,7,8-TCDD are discussed in Chapter 63 of this guide).

61.3.1 Animal Studis

61.31.1 Carcino ty

Z4,5-T does not appear to be carcinogenic in th& majority of rodent species
tested; however, uncertainty still exists due to limitations in available studies.

Two hybrid strains of C57B1.J6 mice were orally treated with 21.5 mg/kg 2,4,5-T
in 0.5% gelatin (TCDD content not reported) for 3 weeks followed by 60 ppm
2,4,5-T in the diet for 18 months (2136). No increased incidence of tumors were
repoftd No increased incidence of tumors was reported in mice given a single
subcutaneous injection of 215 mg/kg 2,4,5-T and observed for 18 months (1607).

The carcinogenic effects of commercial-grade 2,4.3-T (TCDD level not reported)
were studied by Leuschner et aL (2!42) in Sprague-Dawley rats. Rats were obtained
from the F, gereration of a reproductive study in which the dams were fed 0, 3, 10,
or 30 mg/kg 2,4,5-T daily in the diet. F, rats were placed on the same diet for 130
weeks. No significant increase in neoplastic kseio= - found. H1owever, a
dose-related trend of interstitial cell tumors of the testes was observed in the
high-dose group.

Muranyi-Kovacs et al. (2019) reported an increased incidence of rare tumors in
XVIJJG and C3HF mice given 100 mg/L of Z4,5-T (contaminated with <0.05 ppm
TCDD) in the drinking water for 2 months followed by 80 ppm 2,4,5-T mixed in the
diet until detah. A significant increase in the incidence of neoplastic lesions was
reported in the C31-F mice along with cutaneous tumors, sebaceous squamous cell
carchiomss, osteogenic tumors and leukemia. These tumors are extremely rare in
C3HF mice. Also, hyperplastic lesions and papilloma were observed in the bkzdders
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of Z4,5-T-treated mice. (Ihe investigators noted that bladder papilloma have never
before been observed in this mouse colony.)

KiUb' et al. (2022) fed Sprague-Dawley rats 0, 3, 10 or 30 mg/Ag/day of 24,5-T
(<0.33 ppb TCDD) in the diet for 2 years. Very hilh mortality occurred in all
groups early in the study resulting in a reduced number of animals at risk for late
developing tumors. Despite the high mortality rate, a statistically significant increase
in squamous cell carcinomas of the tongue were found in male rats fed 30 mg/kg of
2,4,S-T. Exnmination of tongues of rats in the Leuschner et al. study (2142) did not
reveal any teoplastic lesions. However, based on the rarity of the tongue tumors, it
was concluded that the data are highly suggestive of carcinogenicity.

Phenoiyacetic acid herbicides, as a group, are considered Group 2B compounds,
but IARC (1250) classifies 2,4,5-T and its esters a3 Group 3 compounds. The
USEI'A classifies 2,4,5-T in Cancer Group D (3742).

61.3.1.2 Genokaty

Im majorik of reports indicate that 2,4,5-T is not mutzgenic. No effects were
reported in strains TA1535, TAIOO, TA1537 and TA98 of )qlalmonella tnhimurium
(2058) even when tested at concentrations up to 1 mg/plate with or witheut metabolic
a.tivation (3470); the Wl>2 strain of EacfrJHg coj (1607), the a21 strain of Serratia
marcesc~ns (3092) or the D4 strain of Sacchar r xiccrcyýý;a. (2006).

Adult J melaioga~se receiving a 250 mg/kg diet of 2,4,5-T for 5-6 days
exhibited disturbances in somatic pairing between homologous chromosomes and also,
some chbomosome abnormalities (2007). Concentrations of 0, 250 or 1000 mg/kg
2,4,5-T fed to 2-day-old male D for 15 days resulted in a significant increase
in sex-linked recessive lethal mutations (2008). These data are contradicted by
Zimmering et al. (3863) who fed or injected adult males with 10,000 ppm of 2,4,5-T
aad observed no increase in sex-linked recessive lethals compared with controls.
Negative results were reported for non-disjunction and sex chromosome loss or
e.charhge in P. melanocaster (1250).

No effects on preimplantation loss, fertilization quota, or the rate of dead
implants were reported in a dominant lethal test in female rats fed 2,4,5-T for 8
weeks (2058). Analysis of the spermatogonia of male Chinese hamsters did not
reveal any chromosome-damaging effects (22058), but Davring and Hultgren (3157)
observe6 signiEcant increases in chromosomal aberrations in the bone marrow cells of
male mice injected intraperitoneally either ac,.utely or subchronically with commercial
preparations of 2,4,5-T.

Small increuses in chromosomal aberration frequencies have been reported in
indiiduals occupationally exposed to 2,4,5-T. However, because exposure included a
mixttu of compounds, these effects could not be attributed specifically to 2,4,5-T
exposure (2009). No evidence of chro,-osome damage was found in a large group of
workers expczed to 2,4,5-T during its production (2010).
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603.0. Teratogezimity, Emhk4otcicity and Reproductive Effects

The true teratogenic effects of Z4,5-T are raJher ambiguous due to the potential
(and probable) contamination with the known teratogen, 2,3,7,8-TCDD. No clear cut
tenatogenic effccts have been reported in rats, rabbits or monkeys (1607); cleft palate
has be&n reported in mice treated with Z4,5-T (20214 Some studies do indicate an
adv-=se effect on behavior of animas exposed prenatally to 2,4,5-T. r

Z4,5-T produced no congenital malformations or increases in the frequency of
developmental variations in New Zealand white rabbits orally given 10, 20 or 40
mg/kg 2,4,5-T (containing 0.5 ppm TCDD) daily on gestation days 6-18. No adverse,.
effects on maternal or fetal weight gain were noted (1607). A

No teratogenic effects were reported in rhesus monkeys when 0.05, 1 or 10
mg/kg of Z4,5-T (containing less than 0.05 mg/kg TCDD) was administered to
pregnant females in gelatin capsules by stomach tube daily on gestational days 22 to ...
38 (1607). Also, no adverse effects were reported in fetuses of rhesus monkeys ,
treated with 5, 10, 20 or 40 mg/kg Z4,5-T (containing 0.5 mg/kg TCDD) three times
a week for 4 weeks between gestational days 20-4& Fetuses were removed by
hysterectomy after 100 days of gestation (1607).

Crampton and Rogers (2059) orally administered 0, 6, 12, 25 ot 100 mg/kg of
2,4,5-T (containing 0.03 ppm TCDD) to Long-Evans rats on da- 8 of ges~tion. No
significant effects on litter size, sex ratio, gestation time, pup weight or gross
morphology were found. Male offspring from the 25 or 100 mg/kg 2,4,5-T groups
were behaviorally tested at 5 months of age while rats treated with 6,or 12 mg/kg
2,4,5-T were tested at day 65. Abnormalities in exploratory behavior were detected
after exposure to a single dose of 2,4,5-T as low as 6 mg/kg on gestational day,

Behavioral effects in chickens exposed in Z4,5-T prior to hatching were reported
by Sanderon and Rogers (2060). A single dose of 7-53 mg/kg of 2,4,5-T (containing
0.03 ppm TCDD) was injzcted into chick eggs ov either day 8 or day 15 of
incubation. An additional group received an intraperitoneal injection of 75-225 mg/kg.
of 2,4,5-T two days after hatching. Hatchability of chicks given 2,4,5-T on day 15 of
incubation was 70%. Between 5 and 10% of the hatched chicks showed abnormal
leg development and either dragged one leg or held it off the ground. Approximately
5% of the treated chicks showed depigmentation of feathers and down. Behavioral
testing of chicks without deformities two weeks after hatching revealed alterations in
general activity, jumping and visual learning rate. , i

Both Crampton (20W9) and Sanderson (2060) concludoe that the developing
nervous system appears to be susceptible to very low doses of 2,4,5-T, which may be
of great concern to humtans. Species variation, based on the rate of mctabolism and
excretion of 2,4,5-T, indicate that chicks and rats are similar in sensitivity whereas
humans have at least a 3-fold greater sensitivity.
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Davies et al (3154) reported abortions and stillbirths in cattle at 6 to 9 months
gestation, 2 te 3 weeks after eqxpure to Z4,5-T, aerially sprayed as a defoliant in an
adjacent paddock. Some calve were born alive but weak, and died within a few
days. Totwl calf losses were 48 out of 77 (63%). Exposure concentrations were not
measured.

2,4,5-T was at first reported to bc teratogenic in rats and mice, producing an A

increased incidence of cleft palate (C.57BL6 and AKR strains of mice) and cystic
kidneys (C57BL'6 mice and Holtzman rats) (2020). However, it was later discovered
that the 2,4,5-T sample used contained 30 ppm of 2,3,7,8-TCDD. In a follow-up
study, Courtney and Moore (2021) investigated the teratogenic potential of 2,4,5-T
and 2,3,7,8-TCDD alone or in combination in order to determine the teratogenic
agent responsible for the deformities. Both technical (0.5 ppm TCDD) and analytical
(<0.05 ppm TCDD) grade 2,4,5-T and 2,3,7,8-TCDD were tested in CD-I, C57B1/6J,
and DBA/2J mice and CD rats. Compounds were administered subcutaneously on
gestational days 6 through 15 as a solution in 100% dimethyl sulfoxide in a volume of
100 uLlanlial/injection. Both samples of 2,4,5-T (100 mg/kg) and TCDD (3ug/kg)
produced cleft palate in all three strains of mice. Technical grade 2,4,5-T produced
kidney malformations in CD-1 mice. All animals treated with 3,ug/kg TCDD also
developed kidney abnormalities. Administration of 100 mg/kg 2,4,5-T with 114g/kg
TCDD produced no potentiation effect in CD-1 mice. 2,4,5-T was neither
teratogenic nor fetotoxic in CD rats.

Developmental anomalies were reported in Wistar rats orally administered 2,4,5-T
(TCDD was not present within a detection limit of 0.5 mg/kg) at a daily dose level of
0, 25, 50, 100 or 150 mg/kg from gestational day 6 through 15 (2062). Administration
of 100 or 150 mg/kg of 2,4,5-T significantly reduced the number of live fetuses and
fetal weights. "Ihe proportion of skeletal anomalies was also significantly increased.
Anomalies included unilateral or bilateral wavy ribs, additional ribs, retarded
ossification of frontal and parietal bones and a wide v,,-iety of sternal defects. Other
effects included fused ribs, small-sized distofted scapula, laterally convex or distorted
humerus shaft, and bent radius or ulna. These anomalies are minor deviations, not
Un.-threautning to the animal and reflect retarded development rather than
malformations. No changes in behavior or subsequent reproductive performance were
detected.

The effects of 2,4,5-T on the estrus cycle, pregnancy and fetal development of
Swiss-Webster mice were studied by Greer (2061). Animals were. injected (route not
specified) with 16 mg/100 g bw pure 2,4,5-T (less than 0.004 ppm TCDD) or with 8
mg/100 g bw commercial 2,44-T (containing 2.7 ppm TCDD). Interruption of the
estrus cycle occurred in 12.5% of the animals given pure 2,4,5-T and in 42.9% of the'
imnimals given commercial 2,4.5-T. Permanency of this effect was tested by allowing *'

animals to mate after 14 days of treatment. Pure 2,4,5-T delayed impregnation for a
longer time period than commercial 2,4,5-T (20.7 days for the pure 2,4,5-T group vs,
11.1 days for the commercial 2,4,5-T group vs. 9.3 days for control animals).
Pregnancy did eventual!y occur, so the effect was considered transitory. Animals
exposed to commercial 2,4,5-T had a greater number of resorption sites (3.8 vs. 2.2 in
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the pure Z4,5-T vs. 1.2 in control animals) indicating that Z4,5-T and TCDD may act
synergistically to increase fetotoxicity. No fetal abnormalities were observed in any of
the anima studied.

Revults of a three-generation reproductive study with rat- were reported by
Smith et al. (2063). Purified Z4,5-T (TCDD not present at a detection limit of 0.03
ppb) in acetone was mixed in the diet at dosage levels of 0, 3, 10 or 30 mg/kg.
Z4,5-T/dý. sprague.Dawley rats were fed the diet for 90 days then allowed to mate.
F, rats were fed the test diet from weaning until day 130 of age when they were
"owed to mate. F. rats also followed this treatment schedule. All females were fed
tLe test diet throughout gestation and lactation. Fertility was decreased in the
matinp for the F, litters at the 10 mg/k/day dose leveL Postnatal survival was also
sipgntly decreased in the F, litters of the 10 mg/kg and the F1, F, and F3 litters of
the 30 mg/kg/day treatment groups. A signiilcant decrease in reWative thymus weight
was also seen in the F3 rats given the high dose cf 2,4,5-T. Smith et al. concluded
that the only apparent adverse reproductive effect of long term 2,4,5-T treatment in
rats was a tendency toward a reduction in postnatal survival at the 30 mg/kg/day dose
leveL No effect was seen in rats given 3 mg/kg/day 2,4,5-T (2063).

Several recent studies have utilized the CD-I mouse in teratology screens that
uted growth, viability, and behavioral endpoints (3350, 3635). When danis were
gavaged c, days 8-12 with 200 mg/kg/day of 2,4,5-T, 7% maternal mortality'resulted.
The number of live pups on days I and 3, and body weight of pups on day 1, showed
a statistically significant decrease. Other mice gavaged with 130 mg/kg of 2, 3, 5-T
during the same gestational period produced smaller litters (7.1 vs 10.8), but no
reduction in birth weights, growth, or in figure-eight maze activity on days 22, 58, or
200 were observed. In another screen with the same administration and dose period
but with dose stated as 'one which causes up to 10% maternal death or other overt
clinical signs of toxicity', 2,4,5-T was Wsted as a teratogen. A decrease in live
pups/ltter, an increase in dead pups litter, and a decrease in average birth weight
were observed in this screen.

61.3.1.4 Other Toxcologic Effects

61.3.1.4.1 Slovt-erm Taidcty

2,4,5-T itself appears to be of low toxicity. Contamination of commercial
prepa-ations of 2,4,5-T with 2,3,7,P-TCDD and 2, 3, 6, 7-TCDD result in toxic effects.
Thee two TCDD compounds are potent animal teratogens, acnegenlc agents and are
highly, hepatotoxic. The oral LD34 of 2,4,5-T ranges from 381 to 820 mg/kg in the rat
(3933, 51) while the acute percatancous LDv for the rat ranges from 1535 to greater
than .000 mg/kg (3933, 1118).

Signs of 2,4,5-T exposure in animals include ataxia, %kin irritat;on, acme-Rike rash
and blood in stools. A single oral dose of 100 mg/kg bw 2,4,5-T fed to pigs caused
anoreyla, vomiting, diarrhea, and ataxia. Autopsy revealed hemorrhagic enteritis and
conge.zt.;on of the liver and kidaeys (2069).

I
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The low toxicity of Z4,5-T is thought to be due to its rapid excrtion via the
kidneys. The renal function of rats given 100 mg/kg 2,4,5-T was evaluated by
Koschier and Hong (20O). Male Sprague-Dawley rats were infused with 2,4,5-T at
the rate of 0.193 mLtmia for 150 minutes. 2,4,5-T had no effect on urinary flow rate,
glomerular filtration rate, renal plasma bow, mean arterial blood ?ressure or the
fractional resorption of sodium, chloride, potasxium and water.

Analytical-grade 2 4,5-T (containing no detectmbie TCDD at a sensitivity of 0.05
mg/kg) was fed to Lorg-Evans rats in the diet at a dosage level of 10 mg/animal/day
for 1 to 11 days (2017). Liver enlargement was the only effect induced by Z4,5-T.
The increase in relative liver weight was dose dependLnt and was associated with
substantial increzses :n total RNA and total protein. Enlargement was reversible and
subsided following removal of 2,4,5-T from the diet.

61.3.1.4.2 Subdhroic and C-ronic Toxicity

The long-term toxicity of 2,4,5-T was reported by Kociba et aL (2022).
Sprague-Dawley rats consumed a diet containing 0, 3, 10 or 30 mg/kg of Z4,5-T daily
for 2 years (TCDD content <0.33 ppb). A decrease in body weight gain, increase in
tetal urine volume, urinary coproporphyrin and uroporphyrin, an increase in relative
kidney weight and morphological alterations in the kidney, liver and lung were signs
of toxicity in the rats fed 30 mg/kg/day Z4,5-T. Minimal toxic effects were noted in
the group fed 10 mg/kg/day and pri---'ly involved the presence of mineral deposits in
the renal pelvis. No treatment related effectz were observed in the 3 mg/kg/day
group.

A subchronic animal study involved rats fed 0, 3, 10, 30 or 100 mg/kg 2,4,5-T
(containing less than 1 mg/kg TCDD) daily for 90 days (1607). No effects were
noted in the animals fed 3, 10 or 30 mg/kg 2,4,5-T; however, animals fed 100 mg/kg
showed a depression in body weight gain, a slight decrease in food intake and
elevated serum alkaline phosphatae levels. A slight decrease in red cell counts and
hemoglobin were reported in male rats. Hepatocellular swo-lling was observed in
livers, however, this finding was inconsistent. No otter effects were noted.

61.3.2 Human and Epidemiologc Studies

613.2.1 Short-term Tacologic Effects

Very little information was found on the short-term toxic effects of 2,4,5-T in
humans.

Nausea and severe abdominal pain were reported in three children who ate
blackberries contaminated with 2,4,5-T .7).
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Severe erythema and edema of the skin and mucous membranes developed in 2
children exposed to 2,4,5-T spray and to poison oak (2144). Speculation as to
whether the lesions may have been due to the 2,3,7,8-TCDD contaminant was
presented, however, no conclusion was made.

61-3.2 Chrnic TwwkI* Effets

'me majority of data available in the literaczre deals with human exposure io
Z4,5-T and its TCDD contaminant during the manufacturing process.

Suskind (2064) evaluated the long-term health effects of Monsanto workers
involved in the production of 2,4,5-T between 1948 and 1969. The riudy consisted of
418 current and former employees including those involved in a 1F49 accident.
Health data from the exposed employees were compared with a control group of
workers from other areas of the plant. No evidence was fournd between 2,4,5-T
exposure and adverse long-term effects on the cardiovascular systcm, including
hypertension and coronary artery disease. Reproductive evaluation among families in
which the male parent was exposed resulted in no excess risk of miscarriage, stillbirth
or birth defects. Incidents of cancer were also with/i normal values. The only
adverse effect reported by Suskind was evidence cL chloracne in workers exposed to
TCDD. Skin elasticity in afflicted areas was alT.. lost (2064).

A follow-up study performed by Suskind and Hertzberg (2065) involved 367
subjects with 204 individuals involved in 2,4,5-T production and maintenance from
1948 to 1969 and 163 control workers in the same plant, but not associated at any
time with 2,4,5-T production. Approximately 86% cf the exposed group developed
chloracne versus none in the control group. Physical examination revealed 52.7% of
the exposed workers still had chloracne and 74.8% of the subjects with persistent
chloracne also had actinic elastosis. Actinic elastosis is usually a problem found in
persons of lght coloration exposed to years of sunlight. It is characterized by
swelling and fragmnentztion of the elastic tisse elements of the dermis. The
condition also occurred significantly, but to a lesser extent in persons with a previous
history of chloracne (47.1%). A history of upper GI tract ulcers was reported four
times more frequently in the exposed group. There was no association between the
history of upper GI tract ulceration and chloracrie status. Complaints of loss of libido
or impotence were also reported more frequently in the exposed group.

Kramer (2014) described the health of employees exposed to 2,4,5-T at Dow
Chemical in comparison to a large control group. The control population of 4600
non-exposed Dow employe=s did not significantly vary from the general population.
No differences were found between the study and control groups when tested for
central nervous system disorders, mucous memrbrane irritation, pulmonary disease,
cardiovascular disease, gastrointestinal and heatic disorders, renal disease, asthenia
and psychiatric disorders.

The mortality experience. of 204 employees of P 2,4,5-T manufacturing plant was
investigated by Ott et al. (2024). Personnel involved for at least one full year in
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2.4,5-T production from 1950 to 1971 were included in the study. Also, workers
involved in selective high exposure positions for at least one month were included.
Personnel were potentially exposed to other substancesincluding styrene-butadiene
latex, silvex and 2-mithyl-4-chlorophenoxyacetic acid, during their employment.
,Analysis of the plant atmospbere in 1969 revealed a range of 2,4,5-T concentratiods
from <0.1 to 6.2 mgtm' Dust levels were high enough to be noticeably irritating and
resulted in nasal irritation, sneezing and a bitter tamte. Distribution of employees
revealed more than 75% of the men had worked with 24,5-T for less than 12 months
and none of the men were cyosed to 2,4,5-T oamr a working lifetime. No cases of
chloracne were found in medical records of all subjects indicating no evidence of
2,3,7,8-TCDD exposure. No adverse mortality effects were observed in association
with the work environment.

Reports of four 2,4,5-T-exposed cohorts bL- epidemiolog~its from Dow Chemical
Corporation and the Monsanto Company were reviewed by Honchar and Halperin
(2011). A pooling of all data showed a tot.-! of 105 deaths, 3 (2.9%) of which were
due to soft tissue sarcoma. In comparison, only 0.07% of the deaths in U.S. males,
20-84 years of age, were reported to be due to soft tissue sarcoma in 1975. The
workers from the 4 studies were exposed to either 2,4,5-T or to 2, 4,
5-trichiorophenol (TCP). Both of these compounds are known to be contaminated
with 2,3,7,8-TCDD. Each individual study revealed no excess risk for soft tissue
sarcoma; however, combining the results revealed three cases (one malignant fibrous
histiocytoma of soft tissue origin, one fibrosarcoma, and one generaliztd liposarcoma)
suggesting a common pattern.

Workers using 2,4,5-T, trichlorophenol or pentachlorophenol in Sweden's lumber
industry from 1950 to 1970 were reported to have a 6-fold higher incidence of soft
tissue sarcoma (2041). Hardell and Sandstrom believe that 2,3,7,8-TCDD
contamination of the herbicides may be responsible for the increased risk. These
results are considered questionable since identification of herbicide users was done
with a questionnaire and any error in..recall by 2 of the subjects would remove the
increased risk factor.

Eriksson et al (2025) confirmed the Swedish findings (2041) and reported a
6-fold increase in the risk of soft tissue sarcoma in dioxin- and furan-free herbicides.
The increased risk was related to 2,4,5-T, silvex, chiorophenols, 2,4-D and other
phenoxy acids.

A study performed by Dow Chemical found no association between exposure to
2,4,5-T and its TCDD contaminants Mith pregnancy outcome (2066). The survey
included 370 employees exposed to 2,4,5-T and their wives along with a control group
of 345 wives and employees in the same division, but never exposed to the test
compound. No statistically significant differences were found between the two groups
in the occurrences of miscarriage, stillbirth, infant death or congenital malformation.
It was noted that the number of pregnancies was considerably different for the two
groups. Those not exposed to the herbicide had 2031 conceptions while those
exposed had 737 (36.3%).
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The pouible association between the incidence of congenital mafIformations and
the occupation of the father was also investigated by Balarajan and McDowall (2068).
Malformation ratios were calculated based on the number of malformatiow for a
certain occupational group and the occupation of the father as stated on the
malformation fo-,m. Malformations for facial clefts were consistently "high in Sioups
suspected of being exposed to 2,4,5-T. Gardeners and goundsmen showed an
increased ratio for spina bifids, anencephaly, and facial clefts. Agricultural workers
also showed high ncidence of spina bifida and facial clefts. Individual analysis of
exposure was not performed and exposure to agents in addition to phenoxyacids was
likely. The limited information does indicate a consistent excess ratio for cleft palates
that should be investigated further. [

The highest exposure to 2,4,5-T occurs in workers involved in manufacturing and
spraying the compound. In New Zealand, herbicide sprayers work mainly with
backpacks or conduct boom spraying from vehicles. Most of subjectsIwere involved
with spraying for 4 to 6 months each year. Protective clothing was uually
disregarded and the sprayer became drenched in the chemical daily. Smith et al.
(2067) investigated the reproductive outcome among these New Zealand herbicide
sprayers and their wives. The study group consisted of 989 respondents and each
pregnancy outcome occurring between 1969 and 1980 was classified according to
whether or not the father sprayed 2,4,5-T during the year of the pregnancy outcome,
or the previous year. The relative risk estimates of miscarriage, stillbirth and
congenital defects among the 2,4,5-T sprayers were not statistically sig icant.

A high incidence of spontaneous abortion was reported in a group of women
living in Alsea, Oregon. These women were thought to have been exposed to aerial
spraying of 2,4,5-T. The USEPA initiated a study (referred to as the Alsea H study)
based on the Spontaneous Abortion Rate Index and seasonal patterns of Z4,5-T
spray application (2226). The Spontaneous Abortion Rate Index is defined as "the
ratio of the number of hospitalized spontaneous abortions to tee number of births
corresponding to the spontaneous abortions, bzted on the residence zip code of the
women contnrbutir.g to each event" EPA concluded that the 1972-1977 Spontaneous
Abortion Rate Index for the study area was significantly higher than in rural or urban
control areas. There was also a statistically significant seasonal cycling in the
Abortion Index for the study area with an outstanding peak in June. fIbe correlation
between the Spontaneous Abortion Rate Index and spra'ing patterns in the study
area was statistically significant when a lag time of 2 to 3 months was 'included.

Milby et al (2227) found the statistical method and basic design of the Alsea 11
study sufficiently flawed to make the study of no use in human risk assessments.

However, based on the Alsea I1 study, EPA issued an emcrgency suspension
order in 1979 for all 2,4,5-T and its esters used for weed and brush control in forests,
right of ways, pastures, irrigation c&nals and other water ways, turfs and homes (992).
The susprnsion was lifted and all registrations for herbicides containing 2,4,5-T or its
esters are now canceled.
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61.3.3 Lek of Concen

The NAS-NRC (213) recommended a concentration of 700 /.g/L of 2,4,5-T in
drinking water, based on an acceptable daily intake (ADI) of 10 pg/day and
onsumption of two liters of contaminated water daily, assuming 20% of the total

ADI comes from drinking water. The ADI was based un the no-adverse-effect level
of 10 mg/kg/day for dogs and mice and up to 30 mg/kg/day in rats. The USEPA has
issued Health Advisories of 800 pg/L for both short-term and long-term exposures for
children and long-term and lifetime expzures of 1000 and 70 tig/L for adults (3742).
The Oral Reference Dose is 10 pg/kg/day.

Both OSHA (3539) and the ACGIH (3005) have established time-weighted-
averages of 10 mg/mr for this herbicide.

61.1.4 Hazard Auaesmnent

2,4,5-T is a member of the chlorophenoxy family of herbicides. Commercial
formulations of 2,4,5-T are contaminated with varying levels of 2,3,7,8-TCDD. The
presence of this highly toxic contaminant may be responsible for some of the
observed toxic effects and confounds interpretation of the available da.ta with regard
to the toxicity of 2,4,5-T alone.

The carcinogenicity of 2,4,5-T has been examined in mice by oral (2136, 2019)
and subcutaneous (1607) administration and in rata via the diet (2022) but inadequate
numbers of animals were used. Although an increased incidence of tumors was noted
in C3HF mice given 2,4,5-T orally (2019), the limitations of the study do not allow
adequate assessment of the carcinogenicity of 2,4,5-T based on these data. Negative
findings were noted in another rat feeding study (2142). Based on available data,
IARC (1250) classifies 2,4,5-T and its esters as Group 3 (inadequate data)
compounds. The USEPA likewise classifies 2, 4 ,5-T as lacking sufficient human data
(Group D) for classification as a carcinogen (3742).

A range of mutagenicity assays indicate 2,4,5-T is not mutagenic (1607, 2058,
2006, 2010, 3470, 3863). A three-generation reprodihctive study with rais fed purified
2.4,5-T suggested no adverse reproductive effects in rats given 3 mg/kg/day- post-natal
survival and fertility were decreased in animals exposed to 10 mg/kg/day (2063). No
clear-cut teratogenic effects of 2,4,5-T have been observed in rats, rabbits and
monkeys (1607). An increase in cleft palate was reported for mice subcutaneously
injected with 2,4,5-T (100 mg/kg) during gestation (2021). The contribution of the
2,3,7,8-TCDD contaminant to this response is unclear but similar responses occur
with TCDD exposure (2021).

Acute exposure to 2,4,5-T induces ataxia, skin irritation, acne-like rash and blood
in the stools; the oral LD, of 2,4.5-T is listed as 820 mg/kg for the rat (51). Few
chronic stuc :es are available for 2,4,5-T. Depression of body weight gain was the
primary effect noted in rats at leveLs of 10 mg/kg/day and above (2022,1607).

//
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Data on human exposure to Z4,5-T are derived primarily from exposure during
the manufacturing process. Exposures are often poorly characterized and due to
multiple agents in addition to 2,4,5-T itself These studies indicate an excess risk for
the development of soft tissue sarcomas among exposed workers (2011, 2041, 2025).
The presence of dioxin contaminants pr=lude clear delineation of the causative
agent.

Exposure to 2,4,5-T has so been linked to an increased risk of miscarriage,
stillbirth and congenital defects but statistically sigificant dati are lacking
(2o6&2068).

6L4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of 2,4,5-T concentrations in soil and water reraires collection of a
representative field sample and laboratory analysis. Care is required to prevent losses
during sample collection and storage. Soil and water samples are collected in glass
containers; extraction of samples should be completed within 7 days of sampling and
analysis completed within 30 days. In addition to the targeted samples, quality
con.ol samples such as field blanks, duplicates, and spiked matrices may be specified
in the recommended methods.

EPA-approved procedures for the analysis of 2,4,5-T in aqueous samples include
EPA Methods 8150 and 8250 (63) and 509B (1422). Prior to analis, a measured
volume of sample, approximately I liter, is acidifled and subsequently ext.-acted with
ethyl ether using a separatory futmeL T71e sample extract is hydrolyzed with
potassium hydroxide and any extraneous organic material removed by a solvent wash.
Because chlorinated phenoxy acid herbicides may occur in water in various forms
(e.g., Aid, selt, ester), this hydrolysis step is included to convert all forms of the
herbicide to the acid form for analysis. 2,4,5-T in the acid form is then extracted and
converted to the methyl ester of 2,4,5-T using diazomethane (Method 8150) or boron
trifluoride-methanol (Method 509B) as the derivatizing agent. Additional cleanup
procedures are specified if interferences are present in the sample matrix. Butyl ester
derivatives of this compound have alo been reported (3168). Excess reagent is
removed and an aliquot of the concentrated sample L injected onto'a gas
chromatographic (GC) column. The GC column is programmed to separate the semi-
volatile organics; 2,4,5-T methyl ester is then detected with an electron capiure
detector, microcoulometric detector or electrolytic conductivity detector (Methods
8150, and 509B) or with a mass spectrometer (Method 8250). Identifications for
unknown samples sho aid be confirmed by analysis on a second chromatographic
column (if using reter.tion time as the identifier) or by gas chromatography/mass
spectrometry.

The EPA procedures recommended for 2,4,5-T analysis in soil and waste samples,
Methods 8150 and 8250 (63) difer from the squecus procedures primarily in the
preparation of the sample extract. Solid samples are initially extracted with
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acetcne/ethyl ether using a wrist-action shaker. The solvent extract is washed,
concentraied and then derivatized.

In addition to the methods described above, solid-phase extraction has been used
to concentrate phenoxy-acid herbicides in aqueous samples (3640, 3294, 3261).
Separations for analytical determinations are then made by thin-layer chromatography
(3640) or high performance liquid chromatography (3294, 3261). These methods are
direct, accurate, and also offer higher analytical prec.ision than the derivatization
procedures described above.

Typical Z4,5-T detection limits that can be obtained in wastewaters and non-
aqueous sAmples (wastes, soils, etc.) are shown below. A detection limit for 2,4,5-T

was not idicated in Method VM but would be in the range of 1-10 gg/(L for
aqueous samples and I pg/g for non-aqueous samples. The actual detection limit
achieved in a given analysis wilU vary with instrument sensitivity and matrix effects.

Agueous Detection Limj• Non-Aueous Dk.ectio j Limit

Z.0sg/L (Method 8150) 1.3 I.g/g (Method 8150) /
0.002-0.01 Ag/L.. (Method 509B),
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For general compatibility classification purposes, 2.4.5-TP is
considered to be both an organic acid and a halogcnated
organic compound. Reactions of organic acids with amines,
caustics, or nitriles typically evolve heat, while those with
oxidizing mineral acids, amo or diazo compo'ands, hydrazines,
or =scaates evolve heat arid usually innocuous gases.
Reacin v.ith nitrides, strong rceucing agents, and certain
elemental metals may evolve fl ammable gases and possibly
heat, while those with alkali or alkaline earth metals may
also cause a fire. Reaction vn*h inorganic fluorides or

'ufdes, or strong oxidizing agents may eolve toxic gases
and possibly heat. Reaction with cyanides or dithio-
carbarnates may produce both toxic and flammable g-ces,
with the latter classification also producing heat. Reactionis
with alcohols, glycoL-, aldehy'des, e-,oxides, or polymerizable

REACTIVITY compounds may initiatt a violent eoheri plymerization
reaction. Explosive materials may exp'lo!dre.crea'ctions oi
halogenated orginic; materials with cyanides, mercaptans or
other organic sulfides typically gt-nerpte heat, while thostý
with mineraii acids, amines, azo compounds, hydrazines,
caustics or nitrides commonly evolve heat and toxic or
flamniab~e gases. Reactions with orxidizing mineral acids
may penerate heat, toxic gasez, &-,d fires. Reactions with
*alkali or 31alkane earth metals, cet lain other chemicallyct ~ ~~ ~ ~ ena Iasheauiuzn rmgeimactlive celeetlmtl lk lmnm in rmgeim
organic peroxides or hydroperoxides. strong oxidizing
agtents, or strong reducing agents typically 7esult in heat
gene~ration and *zxplosions and/or fires (511).J

* Physic.-l State: Solid (at 20TC) (59,2015)
0 Color: Cojorlcss to white (54,2015)
0 Odor: Low odor (59)

PHYSICO- 0 Odor Threshold: No data
CHTEMICAL * Densitv: 1.2085 g,'rnL (at 20TC) (59)

DATA 0Freeze/Melt Point: 180.40 to 181.600C (23)
* Boilinrg Point: Not pertinent
* Flash ?Ioint: Nonflammable (60)
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0 Flammable Linits: No data
0 Autoignition Temp.: No datl
0 Vapor Pressure: 6.46E-06 mm Hg

(a 2.C) (2015)
0 Satd. Cone. in Air. 9.530E-02 mg/m3

(at 2X"C) (1219)
PHYSICO- * Solubility in Water. 1.40E+02 mg/L

CHEMICAL (at 250C) (1118)
DATA 0 Viscosity- No data
(Cont.) 0 Surface Tension: No data

0 Log (Otanol-Water Partitioi
Coeffi): No data

* Soil Adsorp. Coeff.: 2.50E+Q3 (29)
* Henry's Law Const.: 1.00E-09

atm-n mn/mol (at 20"C) (1219)
9 Bioco. Factor. 1.70E+02 estim) (659)

2,4,5-TP is expected to be highiy dissociated and rela-
PERSISTENCE tively mobile in natural soils dtje to limited sorption. The
TIN THE SOIL- persistence of 2,4,5-T7 in soiLI is not well documented;

WATER available data indicate that biodegradation may be
SYSTEM important. Contamination of groundwatcr may ccur

under conditions of heavy application, high soil pli and
heavy rainfall shortly after application.

The primary pathway of concern from the soil/ground-
PATHWAYS water system is the migration qf 2,4,5-TP to groundwater

OF drinking water supplies. Degrqdation in the environ-
EXPOSURE ment will minimize exposures by this pathway, however,

and other exposure pathways are unlikely to be
significant.

Signs and Symptoms of Short-term Human Exposure:
HEALTH (59)
HAZARD No adverse effects were reported in human volunteers

DATA ingesting a single 1 mg/kg dose of 2,4,5-TP. No other
acute human exposure studies were found.
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Acute Toxdiciy Studies:

ORAL-
LD). 650 mg/kg Rat (59)
I), 276 mg/kg Mouse (3504)

SKIN:
Ms,. 3200 mg/kg Rabbit (1118)

acdequivalent (as tris
HEALTH (2-hydoxytthyI)amninnium
HAZARD Wtlt4 kg); value is >3200

DATA

jnDZ.J1~1 Effects: Possi- ble liver and kidney damage
4'1 Pregnancy/Neonate Data: Teratogenic, embryotoxic, and

fetotoxic in aninmals
C-'notoxicitv Data: Limited evidenice is nesgative.
Carcinog-:n,*zity Classisfication:
IARC - Nune assigned
NT? - No data
EPA -No data

Handle chemiczl only with adequate ventilation
*Concritratior-s Of 10-50 mg/rn: any dust and mist

respirator, except single-use 0 50-100 mg./ml: any dust
and mist respirator. except single-use or quarter-mask
respirator or any fume respirator or high efficiency
particulate filter respirator or any supplied-air respirator
or ant' self-contained breathing apparatus * 100-500

HANDLING mg/rn a high efficiency particulate filter respirator with
PRECAUMlNS full facepiece or any supplied-air respirator with a full

(38) facepiece, bhelet or bood or any self-ýcontained
breathing apparatus with full facepiece- 0 500-5000
mg/rn': a power air purifying respirator with a high
efficiency particulate filter or a type C supplied-air
respirator operated in pressure-demnl~d or other pos~tivc
pressure or continuous-flow mode 0 Chemical goggles
if there is a probability of eye contact 0 Protective
clothing to prevent repeated or prolonged skin contact.
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA

'AIR .EX0SURE L=:

Standards
* OSHA TWA (8-hr): None established
0 AFOSH PEL (8-hr TWA): None established

* NIOSH IDLH (30-min): None established
* ACGIH TLV@ (8-hr TWA): None established
* ACGIH STEL (15-min): None established

WATER E, ySQE_=R:

Drinking Water Standard! (296,991)
MCLG: 50,4g/L (proposed)
MCL: 50 Ag/L (pr"-vosi")
MCL : 10 ;ig/l (in,ý. im)

PA Health Advisorics and Cancer RiPk Levvs (3977)
The EPA has developed the fc'1wing Health Advisories which provide
specific advice on the levels of contaminants in drinking water at which
adverse health effects would not be anticipated.

l -day (child): 2M0 si/L

. 10-day (child): 200 ;4gIL
- longer-term (child): 70 Mug/L
- longer-term (adult): 300 jAg/L
- lifetime (adult): 50 i;4.

WHO Dnnking .Water c uiýdl.
No information available.

EPAAmbient W.atr Quality Criteria

* Human Health (355)
- No criterion established; 2,4,5-TP is not a priority pollutant.

* Aquatic Life (355)
- No cririon establishnd; Z4,5-TP is not a priority pollutant.

_EF' i _EENCE DOSES:

SORAL: 7.500E+00 Mg/kg/day (374)

I
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REGUlATORY STATUS (as of 01-MAR-89)

Promulgated "leglatiom
, Federal Programs(3'.n W~ater Act (CWA)

2,4,5-TP is design ted a hazardous :.ubstance. It has a reportabic
quantit, (RQ) limit of 45.4 kg (347, 3764). Effiuent limitations, set at
0.010 kg/1000 kg of orgnic pesticide chemicals, are applicable to
discharges resulting from the manufacture of 2,4,5-TP (891).

Safe Drinking Water Azt (SDWA)
2,4,5-TP is on the LiWt of 83 contaminant: required to be regulated
under the SDWA of 1974 as amended in 1996 (3781). Under the
National Primary Drinking Water Regulations (296), the maximum
contaminant level (MCL) for 2,4,5-TP is 0.01 mg/L This MCL applies
to community water systems which scre a population of 10,000 people
or more and which add a disinfectant as part of their treatment process
(3801). In states with an approved Underground Injection Control
program, a permit is reouired for the injection of 2,4,5-TP-containing
wastes designated as hazardous under RCRA (295).

Re9rce Conservation and Recoycr Act (RCRA)
2,4,5-TP is identitied as a hazardous waste (U233) and listed as a
hazardous waste o-nstituent (3783, 3784). Non-specific sources of
2,4,5-TP-containing waste are s.,ates from production or manufacturing
use of tri-, tetra-, or pentach]orophenols and their pesticide deririatives,
discarded unused formulations containing these compounds, and
residues resulting from incineration or thermal treatment of soil
contaminated with these formulations (325). Solid wastes which
contain a TCLP extract concentration equal to or greater than I mg/L
of 2Z4.5-7P are listed as hazardous in that they exhibit the
characteristics defined as EP toxicity (988). Z4,5-TP is on EPA's
ground-water monitoring list. EPA requires that alg hazardous waste
treatment, storage, and disposal facilities monitor their ground-water
for chenm:ab on this list when suspected contamination is first detected
and annually thereafter (3775). For ground-water protection, the
maximum concentration of Z4,5-TP-containing hazardous waste in
..round-water is 0.01 mg/L (989). Effective July 8, 1987, the land

dIsposal of untreated hazardous wastes which contain halogenated
orglnic compounds in total concentrations greater than or equal to
1000 mg/kgi prohibited. Effective August 8, 19%. the underground
injection into deep wells of these wastes is prohibited. Certain
variances exist until May. 1990 for some wastewaters and
nonwastewaters for which Best Demonstrated Available Technology
(BDAT) treatment standards have not been promulgated by EPA
(3786). EPA requires that non-liquid hazardous wastes containing
halogenated organic compounds (HO-I) in total concentrations greater
than or equal to 10(X) mg/kg or liquid hazardous wastes containing
HOGs in total concentrations greater than or equal to 1% HOCs must
be incinerated in accordance with the requirements of 40 CFR 264.343
or 265.343 (3782).

L... i.. .• j | i -
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Comprehensive Environmental Res2.nse Comnensation and Liability
t (CERCLA)

2,4,5-TP is designated a hazardous substance under CERCLA. It has a
reportable quantity (RQ) limit of 45.4 kg. Reportable quantities have
alo been issued for RCRA hazardous waste streams containing
2,4,5-T1P but thee depend upon the concentrations of the chemicals in
the waste stream (3766).

Federal Insectcide. Funz!de and Rodeuticide Act (FIFRA)
A tolerance of 0.05 ppm has been established for residues of Z4,5-TP
in or on raw agricultural commodity pears resulting from post-harvest
application of the triethanolamine salt to pear trees (980). An interim
tolerance of 0.1 ppm has been established for apples, plums, rice and
sugarcane (2307).

Marine Prot ion Raearch and Sanctuaries Act (MPRSA)
Ocean dumpirg of known or suspected carcinogens, mutagens or
teratogew is prohibited except when they are premnt as trace
contaminants. Permit applicants are exempt from these regulations if
they can demonstrate that such chemical constituents are non-toxic and
non-bioaccumulative in the marine environment or are rapidly rendered
harmless by physical, chemical or biological procemes in the sea (309).

Hazardous Materials TransportatXon Act (HMTA)
The Department of Tramportation has designated 24,5-TP as a
hazardous material with a reportable quantity of 45.4 kg, subject to
requirement for packaring. labeling and transportation (3180).

Food. Drig and Cosmetic .ct (FDCA)
The level fer 2,4,5-T'P in bottled drinking water is 0.01 mg/L This
-vel is identical to the maximum contaminant level (MCL) given under

the Safe Drinking Water Act (365).

0 State Water Programs
ALL UATES
Ail states have adopted EPA Ambient Water Quality Criteria and
N`PDWRs ('ee Water Exposure Limits tection) as their promulgated
state regulations, either by narrative reference or by relisting the
specific numeric criterid. These states have promulgated additional or
more stringent criteria:

New York -lso has a water quality standard of 0.26 pg/L for ground-
water classed for drinking water supply, and an ambient water quality
standard of 10 ug/L for surface waters classed for drinking water
itupply (3501).

Verment also has a preventive action limit of 5 Ag/L and an
enforcement standard of 10 sMg/L for 2,4,5-TP in ground-water (3682).
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WISCONSIN

Wisconsin also sets a preventive action limit of 2 lig/e and an
enforcement standard of 10 ,tg/L for Z4,5-TP in ground-water (3840).

PropoIed ReUlation
* Federal Programs

Safe Diinking Water Act (SDWA)
EPA hbs proposed a maximum contaminant level goal (MCLG) of 52
Mig/L for 2,4,5-TP as par of the National Primary Drinking Water
Regulations (3751). I.A wiii repropose an MCLG of 50 lsg/L'and
propose an MCL of 50 pg/IL in May, 1989, with final action scheduled
for December, 199G (3759).

Resource Conservation and Recovery Act (RCRA)
EPA has proposed that solid wastes be listed as hazardous because
they exhi'bit the characteristic defined as EP toxicity when the TCLP
extract concentration is equal to or gre"ter than 0.14 mg/L 2,4,5-TP
Final piomulgation of this Toxicity Characteristic Rule is expected in
June, 1989 (1565).

0 State Water Programs
No proposed regumations are pending.

MOST STATES
Most states are in the process of revising their water programs and
proposing changes in their regulations which will follow EPA's changes
when they become final. Contact with the state officer is advised.
Changes are projected for 1989-90 (3683).

I
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Directive on D'rinking Water (533)
The mandatory values for total pesticides in surface water treatment
categories Al, A2 and A3 used or intended for abstraction of drinking
watr are 0.001, 0.0025 and 0.005 mg/L, respectively. There are no
guideline value.

Direcive Relating to the OualiX of Watr for Human Comsum•i

The maximum admissible concentration for 24,5-1? is 0.1 mg/L The
total maximum allowable concentration for pesticides and related
products is 0.5 mg/L

Directive or, Grouind-Water (538)
Direct d.z•,rge into ground-water (i.e., without percolation through
the groundI or subsoil) of organophosphorous compounds,
organohalogen compounds and substances which may form such
compounds in the aquatic environment, substances which possess
carcinogenic, mutagenic or teratogenic propecties in or v'a the aquatic
environment and mineral oils and hydrocarbons is prohibited.
Appropriate measures deemed necessary to prevent indirect discharge
into ground-water (i.e., via percolation through ground or subsoil) of
these substances shall be taken by member countries.

Dixw. on Bathing Water Oual;tv (534)
When inspection of a bathing area shovc that heavy Laitals, pesticides
or cyanides may be present, concentrations should be checked by
competent authorities.

Dirctive on the Oualitv Required of Shel~lfsh Waters (537)
The mandatory specifications for organohalogenpted substances specify
thet the concentration of each substance in the shellfish water or in
shellfh flesh must not reach or exceed a lev-el which has harmful
effects on the shellfish and larvae. The guideline specifications for
organobalogenated substances state that the concentration of each
substance in shellfish flesh must be so limited that it contributes to the
high quality of shellfish product.
Directive on the Discharme of Darnerous Substances (535)

Orgisnohalogens, organophosphates, petroleum hydrocarbons,
carcinogens or substances which have a deleterious effect on the taste
and/or odor of human food derived from aquatic environments cannot
be discharged into inland surface waters, territorial waters or internal
coastal waters without prior authorization from member countries
which issue emission standards. A system 3f zero- emission applies to
discharge of these subsr'nces into ground-water.
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Directive on Msrketina and Use of Danerous Substapm (541)

Z4,5-TP may not be used in ornamental objects intended to produce
light or color effecu by means of different phascs.

Directive on Toxic and D23erous W .stcs (542)
Any installation, estabiisbmcnt, or undertaking which produces, holds
and/or disposes of certain toxic and dangerous wastes including phenols
and phenol compounds; otganic-halogen compounds; chrome
compounds; lead compounds; cyanides; ethers and aromatic polycyclic
compotuxns (with carcinogenic effects) shall keep a record of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used for disposing of such
waste.

jDirtive on the Classification. Pockamn& and Labeling of Dangerous
Subitances (787)
2,4,5-TP is classified as a harmful substance and is subect to
packaging and labeling regulations.

:•.il EEC Directives- Propos:ed

ProMosal for 3 Council Directive on the Dumoing of Waste at Sea
(1793)
EEC has proposed that the dumping of organohalogen compounds at
sea be prohibited.

4
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62.1 MAJOR USES

2-(2,4,5-Trichkhophenoxy)propionic acid (2,4,5-TP) is a broad sectrum herbicide
which is usually contarminated with 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), a
toxic by-product formed during the manufacturing process (see Chapter 63) (507).
2,4,5-T7 acts as a hormone-type weed killer and is readily absorbed by leaves and
stems. It is effective in controlling brush and woody plants, aquatic weeds, and broad
leaved weeds in maize and sugar cane (1118). Amine salts of 2,4,5-T7 are used 7 to
14 days before harvest to reduce pre-harvest drop of apples (1118). Due to a close
similarity to other chlorophenoxy herbicides such as 2,4,5-T (see Chapter 61), use of
2,4,5-T7 has been restricted in the U.S. (23, 54).

622 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS

62.21 Transport in htMOd-water Sywte=m

622.1.1 Owzw

There is very little information in the literature that spdcifically addresses the
environmental fate and transport of 2,4,5-TP. However, since 2,4,5-TP is structurally
very similar to 2,4,5-T (2,4,5-trichlorophenoxyacetic acid), its behavior in the
soiliground-water system is also expected to be similar. The discussion of
environmental fae presented in this section is largely based on 2,4,5-T data (see
Chapter 61) and the limited observations reported for 2,4,5-T7.

2,4,5-77 is expected to be relatively mobile in the soil/ground-water system when
present at low dissolved concentrations. Bulk quantities of the solution (e.g., from a
spill, heavy spray application, or improper disposal of excess formulations) could be
transported rapidly through the unsaturated zozue. However, as discussed later in this
section, 2,4,5-TP may be su.sceptible to degradation in the soil/ground-water system
and is not expected to be pr•nistent.

2,4,5-T7 is expected to be highly dissoriated to th, anionic form at typical
Senvironmental pHs; pK, values are expected to be in the same range as those

reported for 2,4,5-T (-3). The dissociated form is expected to be more soluble in
water, less strong'y sorbed to soils, and less likely to be bioaccumulated than the
undissociated form. Thus, the scil/ground-water pH level is very important in
determining the mobility of 2,4,5-TIP.

In general, transport pathways can be assessed by using an equilibrium
partitioning model, Ls shown in Table 62-. These calculations predict the
partitioning of low soil concentrations of 2,4,5-TP among soil partcles, soil water, and
soil air. Portions of 2,4,5-TI' associated with the water and air phases of the soil
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TABLE 62-1
EQU!LIBRIUM PAR'LTFTONING CALCULATIONS FOR 2.4 5-TP

IN MODEL ENVIRONMENTS"'

Soil Estimated Percent of Total Mass of Chemical in Each Compartment
Env so Soil-Water Soil-Air

Unsaturated topsoil at 25 6C
* Undissociated

2,4,5-TP 99.8 0.2 IE-08

* Total Z4,5-7P

pF3 49.9 50.1 < 1E-T.
pH 4  10 90 < IE-09
pH5  1 99 <IE-10
pH6 0.1 99.9 <IE-I1
pH7 0.01 99.99 <I1E-12

Saturated deep soil

* Undissociated
2,4,5-TP 91 9

* Total 2,4,5-TP'

pH3 45 55
PH4 9 91
pH5 0.9 99.1
pH6  0.09 99.91
pH7 0.01 99.99

a) Calculations based on Mackay's equilibrium partitioning model (34, 35, 36); see
Introduction in Volume I fbr description of model and environmental conditions
chosen to represent an unsaturated topsoil and saturated deep soil. Calculated
percentagm should be considered as rough e-timates and used only for general
guidance.

b) Utilized partition coefficient retorted for organic component of soil (29):
K= = 2500.

c) Henry's law constant !aken as apprGximately IE-09 atm. m3/mol at 25°C (Arthur
D. Little, Inc. esmate).

d) Used sorption coefricient K, = 0.001 x Y,.
e) The distribution for total 2,4,5-TP assumes that all of the dissociated fraction

partitions to the soil-water compartment and that the approximate percentage of
dissociation is as follows: 50% at pH 3, 90% at pH 4, 99% at pH 5, 99.9% at
pH 6, and 99.99% at pH 7.

T1.
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generally have higher mobility than the adsorbed portion. Partitioning estimates are
given for the totil chemical (dLssociated as well as undisociated 2,4,5-TP) at various
pIs and for the undissociated form of the chemical, th-! latter being valid only for
very lWr pHs (Le., les than the pK, of -3). Estimates for the unsaturated topsoil
model indicate that while most o( the undimociated 2,4,5-TP in the modeled system is
expected to be asociated with the stationary phase, most of hc 2,4,5-TP present in
the soil at common environmental pHIs (>5) will be dissociate.d and partition to the
mobile soil-water phase. An insignificant portion of 2,4,5-T7 is expected in the
gaseous phase of the soil; diffusion of vapors through the soil-air pores up to the
ground surface is not expected to be impcrt_-tL In saturated, deep soils (containing
no soil air and negligible soil organic carbon), a higher percentage of the
undissociated 2,4,5-TP (9%) and almost all of the 2,4,5-TI present at environmental
pH levels is predicted to be present in the soil-water phase (Table 62-1) and available
for transport with f1oming ground water. Ground water underlying 2,4,5-TP-
contaminated soils with low organic content may be vulnerable to contamination.
However, data available for 2,4,5-T7 and 2,4,5-T indicate that biodegradation (which
is not addressed in this partitioning model) may reduce the threat of ground water
contamination.

Under normal herbicide application rates, 2,4.5-TP is not expected to persist
from one season to the next; only where other phenoxy herbicides (2,4-D and
,4,5-T) were applied at massiV doses were there significant residues after 10 years

(1862). At common application rates, 2,4,5-T7 soil concentrations were reported to
be reduced to one-half the initial concentration after 35 days (1908). Although the

S phenoxy herbicides are expected to be relatively non-persistent in the soil/ground-
water environment, trace Levels have been observed in surface and ground waters
(1s52, 1862 1863). Most reports indicate that transport to surface and well waters
occurred as a direct result of spray activity in tie vicinity of streams (aerial drift) or
transport with storm runoff near the time of application. Runoff concentrations
decline rapidly and generally accrunt for less than 1-5% of the application, with most
of the loss associated with the water phase (1864, 1865, 18¶,.,).

622.1.2 Sorption oSoils

The acid dissociation constant (pQ,) of 2.4,5-T7 is expected to be approximately
3.0. Since the pH of most soils is greater than 4.5 and that of most natural waters Ls
greater than 6.0, environmental 2,4,5-TI is expected to exist primarily in the anionic
form which is poorly adsorbed due to its high water solubiity and possible repulsion
by the surface negative charge o(f sol organic matter an' ciay (1864). Strong sorption
of 2,4,5-TI (undissociatec) onto clays in acidic environments has been reported
(1871). In general, it is expected that 2,4,5-TP, like 2,4,5-T and 2,4-D, will be weakly

I sorbed to environmental soils and that adsorption is a direct fanction of organic
4content ,%nd varies with the pH of the soil. The observed variation in X,. values for

24-D (tee Chapter 60) supports the expected decrease in sorption with increasing
pH; a similar trend is expected 'or 2,4,5-TI. Some leaching and vertical transport of
2,4,5-TP may occur.

2 I
Ii



2,41,37'P 62-13

6221.3 Volatilizatio frow Soi•'

Due to the low vapor pressure and relatively high water soltbility expected for
the dissociated 2,4,5-TP, evaporation from aqueous solution is expeztcd to be
negligible. Since the rate of volatilization Lora soil is generally significantly lower
than that from water, 2,4,5-T7 volatilization from surface soils or in Aoil-air will not
be an important transport process, particularly in the presence of any soil moisture.

62722 Tnomsfanatioa Praocisss In SoiL(;roud-watc Systemm

2,4,5-T7 is an acidic compound (p, - -3) and, like other phenoxy herbicides,
has a strong tendency to hydrolyze in the pre-'nce of water. At pH levels above 5,
2,4,5-TI'P is expected to' be greater than 99% dissociated. Degradation reactions
(oxidation, reduction, hydrolysis, substitution) have been reported to occur with other
phenoxy herbicides (2,4-D and 2,4,5-T) in water when activated by sunlight (1850,
1864, 1895, 18%, 1897).

Reports on the microbial degradation of A4,5-TP? are few and, in fact,
contradictory. Several authors have reported the resistance of 2,4,5-TIP to
biodegradation (1910, 1911), largely ittributed to the number of chlorines on the
aromatic riiig and to the prcsence vi chlorine in tLe meta pcsition. On the other
hand, Ou and Sikka (1909) have reported extensiv-! 2,4,5-TP biodegradation, including
destruction of the aromatic ring, by the synergistic action of two species of aquatic
microorganisms; no degrrdation was obsermed with pure cultures. The mixed culture
was unable to use 2,4,5-TP as its sole source of carbon but cometabolized rapidly in
the presence of an external carbon scarce. No metabolites, except traces of
2,4.5-trichlorophenol and 3,5-dicblorocatechol, were observed. Houston (1878) also
demonsirated ready biodegradation of 2,4,5-TP in the presence of a supplemental
carbon soul-ce (soluble, readily-available organic matter). The rate of biodegradation
of 2,4,5-TI' was sitmiilar to that of 2,4,5-T aud slower than that of 2,4-D.

In general, the extent of 2,4,5-T7 biodegradation in soils can be estimated based
on data for 2,4,5-T. Biodegradation is .xiyected to be dependent on microbial
populations, soil moisture, and soil temperature; increased sorption is expected to
decrease biodegradation; and the presence of oxygen is expected to enhance
biodegradation. Half-lives in soil are expected to be approximately 5-6 weeks baed
on data for 2,4,5-T as well as 2,4,5-TP. Since the availability of soil mrncroorganisrm
capable of biodegradation is probably low and is expected to drop significantly with
depth, biodegradation of 2.,4,5-T in deLp soils may be minimal. Therefore, 2,4,5-TP
that is transported downward to the subsoil may represent a potential threat to
ground water.

:ZLI
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62.27 Prhasxsy Routes of Exposure from Soarrond-watea Systems

The above discussion of fate pathways suggests that undissociated 2,4,5-TP is
nonvolatlk, moderately to strongly sorbed to soil, and has a modeiate potential for
bioaccumulation. Tbhse fate characteristics suggest several potential exposure
pathways.

Volatilization of 2,4,5-TP from a disposal site is expected to result in negligible
'I exposure to workers or residents in the area since 2,4,5-TP in either dissociated or

undissociated form is nonvolatile. The potential for ground-water contamination
exists despite the sorption of the undissciated acid to soil. The dissociated form of
the acid, which is expected to be the predominant form under virtually all pH !evels
of environmental concern, would be only weakly retained. The susceptiility of
Z4,5-TP to degradation, however, should lessen its occurrence in drinking waterL•.. supplies. Mitre (83) reported that 2,4,5-TP has been detected in 2 of 546 National
Priority List sites; In both cases it was found only in ground water, not in surface
water or air. In Florida, 2,4,5-TP has been found in ground-water supplies at
conc-ntrations ranging from 0.04 to 0.30 ;jg/L as well as in finished driving water
(9,'2).

The movement of 2,4,5-TP in ground water or its movement with soil particles
may result in discharge to surface water. As a result, ingestion exposures 'may occur
froro the use of surface waters as drinking water supplies, and dermal exposures may
result fiom the recreational use of surface waters. In some cases, the potential for
uptake of 2,4,5-TP by aquatic organisms or domestic animals may be important.
However, the suscepti'bility of 2,4,5-TP to degradation and its moderate potential for
bioaccumulation suggest that these exposures from soil/ground-water systems will be
insignificant except in unusual circumstances (e.g. a large spill).
622.4 Othe Sour=z of Human Exposure

S.. The EPA issued an emergency suspension order covering certain uses of 2,4,5-TP
in 1979, all rcgist-aions for herbicides containing 2,4,5-TP are now cancelled (992).

Tr Due to its lack of persistence and the albxnce of current use, concentrations of
"2,4,5-TP in the environment are cxoected to be negligible at present.

2,,S,-TP has been found in the drinkirg water of three states (992). One large
surface water system (of eighty sampled) was found to contain 0.02 14g/L in 7.975, but
in a study conducted between 1977 and 1981, it was detected in none of 105 surfacC

,.4i 'water systems nor was it detected in excess of the detection limit (0.1 gg/L) in a 1978
siudy of 21 rural surface water systems (992). Between 1965 and 1968, however,

C. 2,4,5-TP was detected in surface waters of 15 Western states at concentrations
ranging from 0.01 to 0.21 ppb (213).

45

Ii i



,,S,.-TP 62-15

No data on the concentration of 2,4,5-T7 in air were found for this study, and
data on concentrations in food are also sparse. Market basket surveys have not
reported the presence of 2,4,5-TP in the diet of infants, toddlers, or adults (1244,
1245). A 1975 study found residues on unwashed apples of 97 /zg/kg initially,
decreasing to 36 /g/kg after 4 months of storage (992). The little data available
suggest that 2,4,5-T7 exposure in food is likely to be negligi'ble, as is exposure from
air.

62.3 HUMAN HEALTH CONSIDERATIONS

Commercial formuaati'as of 2,4,5-TIP are contaminated with low levels of
2,3,7,? TCDI, early samples of Z4,5-TP may have contained high concentrations of
2,3,7,8-TCDD. Some of the toxic effects associated with exposure to 2,4,5-TP are
generally considered to be cau.sed, at least in part, by this contaminant. However, the
toxic effects of pure Z4,5-TP have not been studied well.

62.3.1 Animal Studies

62-3.1.1 Cacngncty

,4,5-TP does not elicit an increased tumor incidence in rodents administered the

compound either orally or subcutaneously.

No increasd incidence of tumors was reported in male and female Wistar rats
orally administered the potassium salt of 2,4,5-T7 at doses of up to 7.9 mg/kg (acid
equivalent) daily for 2 years (2017).

B6C3F, or B6AKF, mice were orally administered 46.6 mg/kg bw/day of 2.4,5-TP
in 0.5% gelatin for 3 weeks followed by administration of 121 ppm 2,4,5-TP daily in
the diet for 18 months (2136). No significant increase in the incidence of neoplasms
was observed.

Innes et vd. (2136) subcutaneously injected B6C3F, or B6AKF, mice with a single
dose of 215 mg/kg 2,4.5-7T suspended in dimethyl sulfoxide on day 28 of age.
Animals were observed for 18 months. Again no significant increase in neoplasms
was observed.

NCO considers both the oral and subcutaneous mouse studies by Innes et al.
(2136) relatively ins-ensitive for detecting a possible oncogenic effect. IARC has not
reviewed 2,4,5-TI specifically, although it has reviemed other phenoxy herbicides
(1607).

, I
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62-3.1.2 Genodtacixty

Andersen et at. (2016) reported no genotoxic activity for 21.4,5-7P when tested in
the Atmer assay using 8 strains (not specified) of Salmonella tvvhimurium. A spot
test was used without metabolic activation, a method that would be coasidered
inadequate today. No other studies were found in the literature conceming the
genotoxicity of Z4,5-TP.

62-.313 ToWmigenicity, Einlxvtadidty and R oductive Effact

Results of an unpublished Dow Chemical Company study on the teratogenic
r.Mtecs of 2,4,5-TP (containing <0.05, ppm TCDD) was reported by the USEPA
', 18). Pregnant Sprague-Dawley rats were exposed to 25-100 mg/kg/day of 2,4,5-TP
br, gavage on days 6-15 of gestation. Fetal examination revealed skeletal anomalies
including cleft palate, retarded ossification and extra cervical ribs. Microphthalmia
(•bnormal smalne-s of the eyeball) and cardiovascular abnormalities were also seen in
exposed fetuses.

A dose of 1.5 mMlkg/day or approximately 398 mg/kg/day of 2,4,5-TP (<0.1 ppm
TCDD) was administered to CD-I mice either orally in corn oil:acetone or
subcutaneously in dimethyl sulfoxide (DMSO) on gestational days 12 through 15
(2137). A significant in."rease in maternal weight gain was reported in both test
groups and was thought to be due to increasel liver weight. Animals injected with
the 2,4,5-TP:DMSO showed an average fetal mortality of 25%. Both routes of
exposure were asociated with a significant (P <0.01) decrease in fetal weight and a
slight but statistically insignificant increased incidence of cleft palate.

Although contamination of 2,4,5-TP I-y 2,3,7,8-TCDD may have contributed to
the teratogenic effects of this compound, the extent of this interaction is unclear.

62.3.1,4 Other Toxicologic Effects

Commercial 2,4,5-TP is contaminated to a varying extent with 2,3,7,8-TCDD
which renders any toxicological assessment difficult. It is not clear whether the

S.....reported effects are due to 2A4,5-.IP alone, the 2,3,7,8-TCDD contaminant or a

combination of both.

62-3.1.4.1 Short-term Toxicity

Signs of acute toxicity generally include depression, posterior quarter muscie
weakness, irritation of the stomach and minor liver and kidney damage (2015). The
oral LD, values for the at and mouse were found to be 650 mg/kg (2138, 59) and
276 mg/kg (3933), respectively.
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62.3.1.4.2 Subchrona and cQroaic Tazcity

little data other Lhan reports of unpublished Dow Chemical Co. data exist on
the chronic effects of 2,4,5-TP in experimental animals.

Rats fed 300 or 600 mg/ig Kuron@ (a herbicide containing polypropylene glycol
butyl ether esters of .,4,5-TP which is 45% 2,4,5-TP equivalent) daily in the diet for
90 days showed a statisticalfy significant reduction in grVwh rate when conmpared to
control aninL.1s. Histopathologiv examination revealed signs of malnutrition in the
600 mg/kg treatment group (2275).

,.Tv female beagle dogs fed 0.1% Kurosal® SL (a formulation containing the
pota.sium salt of 2,4,5-T?, equi-valirt to 53% 2,4,5-T7) in the diet for 89 days
showed growth depression, moderate pathological changes in the liver of one dog,
and an increased alkaline photphatase value and decreased hemoglobin and
hematocrit in the second dog. Dogs fed diets containing 0.01 or 0.03% Kurosal@ SL
for 89 days showed no evidence of adverse effects (2275).'

Mullison (2275) fed male and female rats the sodium salt of 2,4,5-TI foc 90 days
at 100, 300, 1000 or 3000 ppm. Growth was decreased at 300 ppm (277 ppm acid
equivalent) and above. liver weight was increased at 100 ppm (92 ppm acid
equivalent) for females and at 300 ppm for males. Histopathclogic examination
showed liver and kidney damage in both sexes at all dietary concentrations except for
kidneys of females at the 100 ppm treatment leveL

Six Delaine-Merino sheep were given daily oral dotes of 2,4,5-TP for 21
consecutive days without any apparent ill effects. The dose of 2,4,5-TP was
subsequently increased to 150 mg/kg for an additional 10 days. Signs o( poisoning
(anorexia, muscular spasms, severe depression and prostration) were observed in 2
sheep only. One died after 29 doses, the other following 31 doses. Necropsy
revealed inflamed and swollen lymphatics, enteritis, enlarged and congested spleen
and rumen stasis (2302).

Gehring and Bctso (2017) conducted a 2-year feeding trial with the potassium
salt of 2,4,5-TP. Wistar rats were given 0, 0.26, 0.8, 2.6 or 7.9 mg acid equivalents/kg
bw/day while beagle dogs were fed 0, 0.9, 2.6, 8.2 or 9.9 mg acid equivalents/kg
bw/day for 2 years. A significant increase in the relative kidney:body weight ratio was
reported in rats at all dose levels. Since no other kidney alterations were noted,
Gehring and Betso concluded that the increased kidney weight was due to
physiological adaptation rather than toxicity. Mild degeneration and necrosis of
hepatoL-ytes with a slight fibroblastic proliferation was reported in male dogs fed the
2.6 mvkg dose of 2,4,5-TP. These same effects were swen in both ma!e and female
dogs fed the 8.2 or 9.9 mg/kg dose level of 2,4,5-TI in addition to elevated SGPT
and SOOT levels (values not specified) in female dogs. Since the purity of the
2,4,5-TP sample in relation to dioxi, contamination was not evaluated in this study,
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the observed liver changes in dogs could not, with any certainty, be attributed solely
to the effects of 2,45-TP.

Adminisration of 50 mg/kg/day Z4,5-TP to cattle foi 90 days resulted in erosion
of the rumen mucoia and chronic enteritis (17). Necropsy revealed enlarged, friable
livers and congestion of the lower respiratory passages.

62.3. umawn and Ep~niologic StuxL-s

62.321 Shcrt4esm Tcd:c Effecs

Little data were found in the literature pe.-aining to the acute health effects of
2,4,5-TP exposure in humans.

Seven men and one woman orally gien I mg/kg 2,4,5-TP exhibited no 3d&rme
effects (59). The avermge amount of 2,4,5-TP and its conjugates excreted and
recovered was 80.3%.

Human dermal absorption of 2,4,5-TP is estimated to range from <0.001
mg/kg/hour to a maximum of 0.095 mg/kg/hour when exposed skin is wet with spray
(2139).

62.3.2.2 Sbchric and Chronic Toxiogc Effec•s

Available data for long-term human exposure deal with occupational exposure to
mixed phenoxy herbicidns including 2,4,5-TP, chlorophenols; 2,3,7,8-TCDD and other
industrial chemicais during manufacture and use. There are no data to assess the
toxic effects of 2,4,5-TP alone in humans.

Reduced nerve conduction velocity was reported in workers occupmptionally
expouA to 2,4,5-7? along with other phenoxy herbicides (2140).

Case-controlled epidemiological studies of populations in Scandinaviar countries
suggest a six-fold increase in the risk of soft tissue sarcoma among individuals exposed
to dioxin- and furan-frec phenoxy herbicides, including 2,4,5-TP (2025). Ceses of soft
tissue sarcomas have ao been reported in U.S. workers exposed to phenoxy
herbicides (2242, 2306). A review nf these studies can be fouid in references 2015,
1607 and 2135. The complexity of exposure of workers to a rni[ture of

A~x chiorophenoxy herbicides and their contaminants preclude any conclusion regarding
the causative agent(s) and attr'bution of the increased incide.-nce of soft tissue
sarcomas to any specific herbicide remains uncertain.

I:
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62.33 LeckZ ofCzo

Under the National Interim Primary Drinking Water Regulations, the maximum
contaminant level for 2,4,5-TP allowed in drinking water is 0.01 mg/L.

The USEPA (3742) has issued Health Advisories for nonca.cinogenic risks for
both chP1dren a adults. For a 10-kg child, the one-day, ten-day, and longer-term
advisor;ea are 0.2, 0.2. and 0.07 mra1L, r.epcctivety. It is assumed that the average
child consumex one liter of drinking water daily. For a 70-kg adult, the longer-term
advisory i;- 0.3 mg/L, atsuming an intake of two liters o water daily. The !ifeti~ne
advisory is 0.05 mg/L The RfD, an estimate of a daily exposure to the human
population that is likely to be w-thout apprecieble risk of deleterious effects over a
lifetime, is 0.0075 mg/kg/day.

The NAS-NRC (213) recommended a concentration of 5.25 pg/L of 2,4,5-TP in
drinking water, based on an ac.eptable daily intake (ADI) of 52.5. jig/day and
consumption of two liters of contaminated water daily, assuming 20% of the total
AD! comes from drinking water. The ADI was based on the
no-observed-adverse-effect level of 750 /,g/kg/day for dogs in a two year feeding study(2017).

Neither OSHA (3539) nor the ACGIH (3005)'hive establisbed criteria for this
herbicide.

62.3.4 Hamd Assesint

2,4,5-TP is a member of the chlorophenoxy fimily of herbicides. Commercial
formulations of 24,5-TP are contaminated with varying levels of 2,3,7,8-TCDD. The
presence of this highly toxic contamin.rt may be responsie for some of the

observed toxic effects and confounds interpretation of the available data with regard
to the toxicity of 2,4,5-TP alone.

No significant increase in tumor incidence was obseived in either rats or mice
fed 2,4,5-TP in the diet (2017, 2136). A single genotoxicity amay for histidine
reversion in . .gJnC =hiMuriuM yielded negative results.

A teratogenic effect, primarily an increa.e in cleft palate, was reported for both
rats (25-100 mg/kg) and mice (-398 mg/kg) orally exposed to 2.4,5-TP during
gestation (20t3, 2137). The contribution of the 2,3,7,8-TCDD contaminant to this
response is untear. Therefore, conclusive evidencc of the teratogenicity of 2,4,5-TP
cannot be established at this time.

The liver and kidney appear to be the target organs for 2,4,5-1P (2017, 2215).
Acute exposure to 2,4,5.T? induces muscular wcakness, depression and changes in
liver enzymes (2015). The oral LD, is 650 mg/kg for the rat (2138). Few lorg-term
exposure studies are avamilable for 2,4,5-TP, and those that are available are primarily

LI
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reports •i ,published studies. Expoxure of rats to 100 ppm of 2,4,5-TP (sodium
salt) for 90 days produced histoogical changes in the liver and kidneys (2275) while
adverse effeks were noted in the liver of dogs exposed to 2.6 mg (acid equivalent)/kg
bw/day for two yeah (2017).

Available human data fcr 2,4,5-T77 wre limited to studies which have assessed the
effects of mixed occupational exposures to chlorophenoxy herbicides, including
Z4,5-TP, chlorophenols And dioxin contaminants. These studies indicate an excess
risk for the development of soft tissue sarcomas among expo&A workers (2025, 2242,
2306). The presence of d;ordn contammants and the lack of definitive data for
2,4,5-T7 exposure alone, preclude any conciuion regarding the contribution, if any, of
2,4,5-TP to the observed response.

62.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of 2,4,5-TP concentrations in soil and water requires collection of
a representative field sample &nd laboratory analysis. Care is required to prevent
losses during sample collection and storage. Soil and water samples are collected in
glass contdiners; extraction of samples should be completed within .7 days of sampling
and analysis completed within 30 days. In addition to the targeted samples, quality
control samples such as field blanks, duplicates, and spiked matrices may be specified
in the recommended methods.

EPA-approved procedures for the analysis of 2,4,5-TP in aqueous samples include
EPA Methods 8150 and 8250 (63) and 509B (1422). Prior to analysis, a measured
volume of smple, approximately I liter is acidified and subfequently extracted with
ethyl ether using a separatory funnel. The &ample extract is hydrolyzed with
potassium hydroxide and any extraneous organic material removed by a solvent wash.
Because chlorinated phenoxy acid herbicides may occur in water in various forms
(e.g., acid, salt, ester), this hydrolysis step is included to convert all forms of the
herbicide to the acid form for analysis. 2,4,5-TP in the acid form is then extracted
and convctcd to the mcthyl ester of Z4,5-T7 usini,, diazomethane (Method 8150) or
boron trifluoride-methanol (Method 509B) as the d,!t;satiz'ng agenL Additional
cleanup procedure: are specified if interferences .ar present in the sample matrix.
Excess reagent is remeved and an aliquot of the concentrated sample is injected onto
P gas chromatographic (CC) column. The Cr column is programmed to separate the
semi-voltaile organics; 2,4,5-TP nmethyl ester is then detected with an electron capture
detector, microcoulometric detector or electroanalytic c-nductivity detector (Methods
8150 and 5091) or with a mass spectrometer (Method 8250). Identifications for
unknown samples should be centlrmed by analysis en a second chromatographic
column (if u.sing retention time as the identifier) or qy CrC.mass ,pectrometry.

The EPA procedures recommendcd for 2,4,5-TP analy,.is in soil and waste
samples, Methods 8150 and 8250 (63) differ from the aqueous pr(*:e.Iures primarily in
the preparation of 'he sample extract. Solid samples are initially extracted with

[:
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acetone/ethyl ether using a wrist-action shaker. The solvent extract is -washed

concentrated, and then derivatized.

In addition to the methods deckrci'bed above, solid-phase extraction with C18
columns has been recently used to isolate and concentrate phenoxy-acid herbicides in
aqueous samples (3640, 32-A). Separations are performed by thin-layer

0 chromiatography (3640) or high performance liquid chromatography (3294). These
methods are direct and rapid. The analytical precision should also be greater than
that obtained using dcrivatization methods described above.

Typical 2,4,5-TP detection limits that can be obtained in wastewaters and non-
aqueous samples (wastes, soi*s etc.) are shown below.~ A detection limit for 3,4,5-T?
was not indicated in Method 8250 but would be in the range of 1-10 pug/L for
aqueous samples and I M4g/g for non-aqueous samples. The actual detection limit
achieved in a given analysis will vary with instrument sensitivity and matrim effects.

Mutcous Qe~cvion Limit Non-Mucous Detecton Limit

1.7 u.g/L (Method 8150) 1.I M&gg (Method 8150)
0.002-0.01 ug/L (Method 509B)
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COMMON CAS REG.NO: FORMULA AIR W/V CONVERSION
SSYNONYMS: 1746-01-6 C,2H4C34O2  FACTOR at 250C

2,,3,7,8-TCDD NIOSH N9.
Z,3,7,8-Tetra- B300013.16 m&/m3= 1 ppm;

~,. :~-SURnE. 0.076 ppm Iz mg/rn'

cbioadiba'o.MOLECULAR WEIGHT:
p-iron C1 -;kCD ON,~ C1 321.96

TCDD C1 *~ ~ s~ C1

This substance is a trace contamninant in 2,4,5-T. The
reactivity and flammability hazards of dioxin are therefore

REACTIVITY considered similar and subordinate to those of 2,4,.5-T.
(See Chapter 61.)

0 Physical State: Solid, crystalline
(at 20*C) (2141)

* Color: Colorless to white (2141)
* Odor. No Data

'5' * Odor Threshold: No data
0 Density: No data
* Freeze/Melt Point: 302.00 to

305.00"C (2141)
* Boiling Point: Decomposes (2)
0 Flash Point: Not pertinent
* Flammable Limits: Not pertinent
0 Autoignition Temp.: Not pertinent

PHYSICO. 0 Vapor Pressure: 1.40E-09 mm Hg (2340)
CHEMICAL (at 25'C)(2340)

DATA 0 Satd. Conc. in Air, 3.000013-02 mg/rn
(at 200C) (1219)

*Solubility in Water: 1.90E-05 mg/L
(at 20*'C) (2343)

* Viscosity. No data
0 Surface Tension: No data
* Log (Octanol-Water Partition Coeff.):

6.15 to 7.28 (2183,2184,218S5)
* Soil Adsorp. Coeff.: 2.30E+06 (2W6)
0 Henry's Law Const.: 1.60E-05

atm -m'/mol (at 25*C) (2169)
0 Bioconc. Factor: 2.30E+05 (659)
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2,3,7,8-TCDD is expected to be relatively immobile in
the soil/ground-water system due to strong sorption
properties; surface-applied contamination is expected to
be confined to the uppermost 6-12 inches and

PERSISTENCE contamination of underlying groundwater is not
IN THE SOIL- expected. Vapor-phase diffusion and subsequent

WATER volatilization from surface soils may be significant in the
SYSTEM absene of other transport processcs; translocation of

sorbed 2,3,7,8-TCDD with soil particles may also be
importanL Photodegradation is expected to be the
predominant transformtion Frocess. Although soeu
biodegradation of 2,3,7,8-TCDD has been reported, it is
not expected to be rapid in environmental soils.

The primary path•way of concern from the soil/ground-
water system is the migration of 2-3,7,8-TCDD to

PATHWAYS groundwater drinking water supplies, although this is not
OF likely to occur in most situations. Bioaccumulation by

EXPOSURE aquatic organisms or domestic animals may be an
important exposure pathway in some instances, but
uptake by crops from soils is unlikely to be significant.

Signs and Symptoms of Short-term Human Exposure:
(54)

HEALTH Acute effects of 2,3,7,8-TCDD exposure include chloro-
HAZARD acne, hepatotoxicity, psychological alterations, weight

DATA loss, thymic atrophy, dhrombocytopenia, suppression of
cellular immunity, and death. The liver appears to be
the target organ Mollowing acute exposure.

i:,
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Acute ity Studies: (3744)

ORAL:
LI),. 114 pg/kg Mouse
LD*, 20 pug/'g Rat
LI),, 2 pg/kg Monkey
I),A 1157 ug/kg Hamster

LDA, 0.5 pg/kg Guinea Pig
LI),. 113 Ug/kg Rabbit
LI),1 jjI p/ Dog

SKIN:
I),. 273 ug/kg Rabbit

TD1,. 107 p4g/kg Human
HEALTH LDL~. 80 pg/kg Mouse
HAZARD

DATA
(Cort.) Lobng-Term Effects: Chloracne, gastric ulcers, impaired

liver function, peripheral ncuropathy, and psychiatric
disturbances
Pregnancy/Neonate Data: Teratogenic in animals at
doses below those producing -iaferal toiticity Fetotoxic,
gonadotoic-. n~erse&1roductive effects
Crnoigcjti. Data: Erimarily neative
Carcinogenicity Cassification:
IARC - Group 2B (possi'bly carcinogenic

to humans)
NTP - None assigned
EPA -Group B2 (probable human carcinogen;

sufficient evidence in animals and inadequate
evidun.ce in humans)



63-4 2,3,7,8-¶IF1ACfILORODIBENZO-P-DIOXIN

[ ~All contact with 2,3,7,8-TCDD should be avoided. If ex-
posure cannot be avoided, use a self-contained breathing
app aratus with full] facepiecce operated in
pressure-dernand or other positive pressure mode or a

combination type C supplied-air respirator, with full
facepiece, operated in pressure-demand mode and
equipped with auxiliary positive pres.sure self-contained
air supply. To prevent contact with TCDD, a disposable

HANDLING bilayer protective clothing ensemble should be used.
PRECAUTIONS The outer layer should consist of a zippered coverall

-(2345) with attached hood, elastic sleeves, gloves and closure
boots made of non-woven fabric (TyvekZ) if dust
exposure is probable; or disposable laminates or
synthetic elastomers (SaranaxID, coated Tyvek®, butyl,
niirile or neoprene rubber) if exposure to liquid i ex-"
pected. The inner disposable layer should consist of a
cotton coverall, uadergarmerns and gloves.J

* ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA

AM iX]POSURE LI, MIT:

* Standards
* OSHA TWA(8-hr): None established
* AFOSH PEL (8-hr TWA): None established

Cliteria
0 NIOSII IDLI (30-min): None established
0 ACGIH TLV(R) (3-hr TWA): None established
0 ACOIJ STEL (15-mmn): None established

WATER EX(POSUREF LIMWTS:

~xnki Water Standairds (3742)
MCLG (tentative): 0



2,3,7,&7F8- CCHLORODIBENZO-P-DIOXIN 63-5

ENVRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA (Cont.)

EPA Health Advisories and Cance? Risk Levels

In the absence of formal drinking water standards, the EPA has developed
the following Health Advisories which provide specific advice on the levels
of contaminants in drinking water at which adverse health effects would not
be anticipated.

. I-day (child): 1E-03 ,g/L
- 10-day (child): IE-04 jg/L
. longer-term (child): 1E-05 jug/L
- longer-term (adult): 4E-05 ;g/L
. IE-04 cancer risk level: 2E-05 ;&g/L

WHO Drinking Water Guideline
No information available.

EPA Ambient Water Ouality Criteria
* Human Health (2141)

Based on ingestion of contaminated water and aquatic organisms, the
am'bient water concentrations should be zero. Since zero may not be
an attainable level at this tize, the levels that may result in an
increased cancer risk of IE-05, IE-06 and 1E-07 over the lifetime are
estimated to be 1.3E-07, 1.3E-03 and 1.3E-09 Mg/L, respectively.
Based on ingestion of contaminated aquatic organisms only, the levels
corresponding to IE-05, IE-06, IE-07 cancer risk are 1.4E-07,
1.4E-OS, 1.4E-09 mg/L, respectively.

0 Aquatic Life (2141)
- Not enough data are available to allow derivation of criteria. The

acute values for some fresh water species are > 1.0 psg/L. Some
chronic values are <0.01 pg/L

REFERENCE DOSES:
ORAL: 1.OOE-06 ug/kg/day (3744)

J
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REGULATORY STATUS (as of 01-MAR-89)

Pronmulgated Regulations
* Federal Programs

Clean Water Act (CWA)
2,3,7,8-TCDD is listed as a toxic pollutant, subject to general
pretreatment regulations for new and existing sources, and effluent
standaixs and guidelines (351, 3763). Effluent limitations specific to
this chemical have been set in the following point source categories:
electroplating (3767), steam electric pover generating (3802), and
metal finishing (3768). Limitations vary depending on the type of
industry and plant.

Safe Drinking Water Act (SDWA)
2,3,7,8,-TCDD is on the list of 83 contaminants required to be
regulated under the SDWA of 1974 as amended in 1986 (3781). In
states with an approved Underground Injection Control program, a
permit is required for the injection of 2,3,7,8-TCDD-containing wastes
designated as hazardous under RCRA (295).

Resource Conservation and Recovery Act (RCRA)
2,3,7,8-TCDD is identified as a hazardous waste constituent (3783).
Non-specific sources of 2,3,7,8-TCDD-containing waste are wastes from
production or manufacturing use of tri-, tetra-, or pentachlorophenols
an-' their pesticide derivatives, discarded unused formulations
containing these compounds, and residues resulting from incineration
or thermal treatment of sodl contaminated with these formulations
(32.5). 2,3,7,8-TCDD is included on EPA's Eround-water monito,-*ng
list. EPA requires that all hazardous waste trrzatment, storage, and

disposal facilities monitor their ground-water for chemicals on this list
when suspected contamination is Enist detected and annually thereafter
(3775). Effective November 8, 1988, the land disposal of untreated
dioxin-containing wastes is p-ohibited. Effective August 8, 1988, the
underground injection into deep wells of these wastes is prohibited. If
the waste contains TCDD in a concentration greater than I ppb, it
must be treated in accordance with the criteria established for
inc'neration and thermal treatment. Certain variances exist until May,
1990 for some contaminated soils and wastewaters 'or which Best
Demonstrated Available Technology (BDAT) treatment standards have
not been promulgated by EPA (1755, 3786).

Comprrehemsivc Environmental Rcsr'ce oQngensation and Liability
Act (CERCLA)
2,3,7,8-TCDD is designated a hzzardous substance under CERCLA. It
has a rcportable quautity (RQ) limit of 0.454 kg. Reportable
quantities have &lso been iss.ued for RCRA hazardous waste streams
containing 2-3,7,8-TCDD but these depend upon the concentrations of
the chemicals in the waste stream (3766).

L i _ _ _ _ _ _ _ _ _ _ _
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Marine Protection Research and Sanctuaries Act (MPRSA)
Ocean dumping of organobalogen compounds as well as the dumping
of known or suspected carcinogens, mutagens or teratogens is
prohi'bited except when they are present as trace contaminants. Permit
applicants are exempt from these regulations if they can demonstrate
that such chemical constituents are non-toxic and non-bioaccumulative
in the mcrine environment or are rapidly rendered harmless by
physical, chemical or biological processes in the sea (309).

H tadous Materials Transportation Act (HMTA)
The Department of Transportation has designated 2,3,7,8-TCDD a
hazardous material with a reportable quantity of 0.454 kg. subject to
requirements for packaging, labeling and transportation (3180).

0 State Water Programs
ALL STATES
All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Expoxure Limits section) as their promulgated
state regulations, either by narrative reference or by relisting the
specific numeric criteria. These states have promulgated additional or
more stringent criteria:

KANSAS
Kansas has an action level of 2 pg/L for 2,3,7,8-TCDD in ground-water
(3213).

M•MSMOR
Missouri has a surface water quality criterion of 0.014 pg/IL for
protection of aquatic life and 0.130 pg/L for drinking water supply
waters (3457).

NEW YORK
New York has an MCL of 5 ug/L for 2,3,7,8-TCDD in drinking water,
a water quality standard of 35 pg/L for'ground-water classed for
drinking water supply, and an ambient water quality standard for
aquatic life of 1 pg/L for all fresh water classes of surface water (3501,
3500).

SOUTH DAKOTA
South Dakota requires 2,3,7,8-TCDD to be nondeteciable, using
designated test methods, in ground-water (3671).

.ERMON'r
Vermont has a preventive action limit of .022 pg/I. and an enforcement
standard of .22 pg/L for 2,3,7,8-TCDD in. ground-wazer (3682).

S... p r " -7• - ... •I I I I II fli
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Prooped Regvations
* S Federal Programs

We ,,4 Water Act (SDWA)
EPA will propose an MCL and MCLO for 2,3,7,8-TCDD in March,
1990, wit•, final action scheduled for March, 1991 (3759).

0 State Water Programs

Most stztes are in the process of revising their water programs and
proposing changes to their regulations whikh will follow EPA's
regulationz when they become final. Contact with the state officer is
advised. Changes are projected for 199-90 (3683).

MINN.SOTA
Minnesota has proposed a Recommended Allowable Limit (RAL) of
20 pgIL for diinking water (3451). Minnesota has alo proposed
chronic criteria of 2 pg/L for designated ground-waters and .002 pg/L
for designated surface waters, for the protection of humar, health
(3452).

Directive on G-ound-Water (538)

Direct discharge into ground-water (i.e., without percolation through
the ground or subsoil) of organophosphorous compounds,
organohalogen compounds and substances which may form such

~ compounds in the aquatic environment, substances which possess
carcinogenic, mutagenic or teratogenic prop,-rties in or via the aquatic
environment and mineral oils and hydrocarbons is prchiited.
Appropriate measures deemed necessary to prevent indirect discharge
into ground-water (Le., via percolation through ground or subsoil) of
these substances shall betaken by member countries.

iLDtive on the Quality Required of Sbelf'lsh Waters (537)
The mandatory specifications for organohalogenated substances specify
that the concentration of each substance in the shellnh water or in
shellfl;h flesh must not reach or exceed a level which has harmful
effects on the shellfish and larvae. The guideline specifications for
organohalogenated substances state that the concentration of each
substance in shellfish flesh must be so limited that it contributes to the
high quality of shellfish product.

I . .... ... . -- _ : _ - - - - - -..-- -. ,, m , . .. '••
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Directive on the Discharge of Dangerous Substances (535)
Organohalogens, organophosphates, petroleum hydrocarbons,
carcinogens or substances which have a deleterious effect on
the taste and/or odor of human food derived from aquatic
environments cannot be discharged into inland surface waters,
territorial waters or internal coastal waters %ithout prior
authorization from member countries which issue emission
standards. A system of zero- emission applies to discharge of
these substances into ground-water.

Directive on Toxic and Dangerous Wastes (542)
Any installation, establishment, or undertaking which produces,
holds' and/or disposes of certain toxic and dangerous wastes
including phenols and phenol compounds; organic-halogen
compounds; chrome compounds; lead compounds; cyanides;
ethers and aromatic polycyclic compounds (with carcinogenic
effects) shall keep a record of the quantity, nature, physical and
chemical characteristics and origin of such waste, and of the
methods and sites used for disposing of such waste.

Directive on Toxic and Dangerous Wastes (542)
Any installation, estab!ishment, or undertaking which produces,
holds and/or disposes uf certain toxic and dangerous wastes
including phenols and phenol compounds; organic-halogen
compounds; chrome compounds; lead compounds; cyanides;
etben and aromatic polycyclic compounds (with carcinogenic
effects) shall keep a record of the quantity, nature, physical and
chemical characteristics and origin of such waste, and of the
methods and sites used for disposing of such waste.

' Directive on Maior Accid nt HM. rds of Certain Industrial
Activities (1794)
2,3,7,8-TCDD manufacturers are required to notify competent
authorities i" it is stored or processed in quantities in excess of
1 kg. If a major accident occurs, authorities must be provided
with the circumstances of the accident, substances involved,
emergency measures taken, and the data available for assessing
the effects on man and the eavironment.

EEC Directives Propsed
Proposal for a Council Directive on the Dumping of Waste at
Seg (1793)
EEC has propmed that the dumping of organohalogen
compounds at sea be prohited.
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63.1 MAJOR USES

No, use exists for 2,3,7,8-TCDD except as - chemical for re-.,arch purposes. It is
a contaminant primarily formed during the production of 2,4,5-trichlorophenol from
1,2,4,5-tetiachlorobenzene. It is known to contaminate several herbicides including
Z4,5-T and 2,4,5-TP. 2,3,7,8-TCDD may also be formed during the pyrolysis of
thlorinav-d phenols, chiorinated benzenes, and polychlorinated diphenyl ethers which
makes emission from municipal incinerators probable (2141).

63 2 ENVIRONMENTAL FATE AND EXPOSUIAE PATHWAYS

632.1 Tramsport in SoWtround-water Systems

6321.1 OcviAew

2,3,7,8-TCDD is expected to be immobile in the soil/ground-water system when
present at low concentrations. Quantities of 2,3,7,8-ICDD dissolved in organic
solvents (e.g., from herbicide spray applications, or improper disposal of contaminated
wastes) could be transported more rapidly through the unsaturated zone.

In genera!, transport pathways can be assessed by using an equilibrium
partitioning model, as shown in Table 63-1. These calculations predict the
partitioning of low soil concentrations of 2,3,7,8-iO-DD among soil particles, soil
water, end soil air. Portions of 2,3 7,8-rCDD ass.xiated with the water and air
phases of the soil generally have higher mobility than the adsorbed portion.
Ectimates for the -insaturted lepsoil model and the saturated de",p soil model
indicate that most of the 2,3,'7.%TCDD in the modeled systems i,, expected to be
associated with the stationary phase and that ground water untcrlying contaminated.
soils would not be vulnerable to contamination. These models predict that an
insignificant portion of 2,3,7,8-TCDD is expected in the gaseous phase of the soil,
implying that diffusion of vapors through the soil-air pores up to the ground surface
is not important.

A non-equilibrium steady-state model has been reported to provide a more
realistic envitonmental distribution patterr for 2,3,7,8-TCDD (2175). While the
results indicate that there is still strong partitioning to the solid phases (69.5% soil,
29.5% sediment), removal to the air represents 86% of the 2,3,7,3-TCDD loss.

Several studies summarized by Young et al. (1350) document the limited mobility
of 2,3,7,8-TCDD in the soil system; migration was thought to occur primari'y through
erosion of contaminated soil particles. In spite of the strong sorption properties,
evidence of 2,3,7,8-TCDD contamination of ground water, as well as soil, near a
chemical waste disposal site, has been reported (2179). Since TCDD is more soluble

7j
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TABLE 63-1
EQUILIBRIUM PARTITIONING CALCULATIONS
FOR 2,3,7,8-TCDD IN MODEL EnIRONMENTS'

Soi Estimated Percent of Total Mass of (Cemical in Each Compartment
Environment Soil Soil-Water Soil-A&r

Unsaturated topsoil 100 IE-04 IE-07
at 2550C*

Saturated deep soi? 99.99 0.01

a) Calculations based on Mackay's equilibrium partitioning model (34, 35, 36); see
Introduction in Volume 1 for description of model and environmental conditions
chowen to represent an unsaturated topsoil and satvrated deep soil. Calculated
percentages should be considered as rough estimates and used only ior general
guidance.

b) Utilized estimated soil sorption coefficient: K. = 2.3E+06 (2168).
c) Henry's law constant taken as 1.6E-05 atm. m3/mol at 25"C (2169).
d) Used sorption coefficient K, = 0.001 x K,

in organic solvents than in water, the presence of residual organic solvents could
result in enhanced mobility of TCDD in the soil/ground-wuter system.

Vertical distribution of 2,3,7,8-TCDD through the uppermost soil layers and
horizontal distribution beyond the boundaries of the initial contamination have also
been documented. Increased vertical movement in soil may occur as a result of
saturation of sorption sites, migration with organic solvents, and human activity. Data
frEm Air Force test sites (2170, 2171) indicate some vertical migration, with most
2,3,7,8-TCDD remaining in the upper 6 inches of soil. Several groups have examined
the distribution of 2,3,7,8-TCDD in environmental soils in the vicinity of the Seveso
industrial accident. Soil concentrations of 2,3,7,8-TCDD have been reported to drop
sbarply in the top 8 cm of soil and remain relatively constant from 8-cm to 24-cm
depth (2172, 2174). Concentrations measured at depths below 8 cm were
approximately one order of magnitude less than the levels down to 8 cm, and the
highest levels were generally found at depths from 0.5 cm to 1.5 cm. Other authors
(2173) report penet.ation to 20 cm in soils near Seveso.

For many compounds with low water solubility, migration and loss in the vapor
phase can be significant, particularly in areas of low particle movement (2177). Soil
column experiments have shown that 2.3,7,8-TCDD movement in soil can be modeled
by vapor transport processes (2177, 2178). The rate of dispersion was very slow (10

7`7
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cm in 12 years); the rate of downward movemcnt was approximately equal to the rate
of upward movement; there was a measurable change in diffusion as the temperature
was cbanged from 25°C to 40*C; and the koct of moisture after 30 days resulted in a
much lovnr migration rate. The initial depth of the cortamination also affected the
observed fate. Over 12 years, very little oba throuh vola.tilization and/or erosion was
observed in an ¢rperiment where 2,3,7,8-TCDD ha:! -•ee' applied 10 cm below the
surface of the soil (2178).

In general persistence studies indicate that 2,3.7,Z.TCDD levels in soil
diminihed sharply within the firsi 6-15 months, followee by negligible changes; the
initial decrease was attributed to phoL.•L-%.camposition and neat-promoted volatilization
at the surface (2172, 2173, 2174). Haf-l;-,res of greater than one year have been
reported for 2,3,7,8-TCDD in soils of 0.9-2.5-7Z. organc content (M /6). However,
most other studies state that no accurate estimate -'! persiWe.,i'c was possible.

63.2.1.2 Sorptio-a ca Sods

2,3,7,8-TCDD is qxpected to be strongly sorbed onto til particle:. Reported
values of log K. rang,! from 6.15 to 7.28 (2183, 2184. 21, 2141, 2175): "lues of
K,=, range from 4.;.'.'"+ )5 to &9E+06 (2168, 2186, 2187). Sorption is expected to be
rapid while sukxquent soil/water equilibrium and desorption are expected to be slow
(2187, 2188). 2,3,7,8-'1CDD is more tightly bound to soils of higher organic content
and becomes increasingly bound to soil as a function of time (2176, 2180, 2182).

The medium in which 2,3,7,8-TCDD is dispersed at the time of soil application
or environmental release has also been shown to affect its sorption on soil. Since the
solubility ,f TCDD in organic solvents is generally greatrr than in water, its
partitioning to soils is likely to be less and the amount available to be carried with
the mobile liquid phase will be greater. Increased leaching of 2,3,7,8-TCDD with
several organic solvens has been reported (2177, 2!82, 2190). Slow aqueous leaching
of 2,3,7,8-TCDD in soil/ground-water systems has been reported (2190, 1864, 1908,
2172); however. in the absence of co-solvents that solubilize 2,3,7,8-TCDD, the extent
of itaching is expected to be minimal and substantial ground-water contamination is
unlikely.

Since 2,3,7,&-TCDD is strongly adsorbed to soil partic!es and arueous leaching is
expected to be minimal, translocation of sorbed 2,3,7,8-TCDD is expected to be a
major fate process (1864, 2174, 2191, 2192). Transport of TCDD-contami'nated soil
into surface waters by erosion has been described by several authors (2193, 2170,
2195). The 2,3,7,8-TCDD is expected to remain strongly adsorbed and persist in the
suspended sediment or bottom sediment of the .•crface waters. Isensee and Jones
(2196) concluded that dioxin adsorbed to soil would result in significant
concentrations of 2,3,7,8-TCDD dissolved in water only if the soil particles were
washed into a small body of water.
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63.2.1.3 Voabhization from Sois

Due to its low vapor pressure, extensive volatilization of 2,3,7,8-TCDD is not
expected. However, several authors (1908, 2169, 2178, 2197, 2177, 2193) have
demonstrated the volatility o" TCDD from soil in both laboratory and field
experiments. Although volatilization losses arc expected to be slow, they will be
environmentally significant in the absence of other transport/transformation processes.
Freeman and Scbroy (2198) predicted that 90% of the TCDD at Times Beach had
been lost through volatilization over the course of 10 years (with subsequent
photolysis); 57% loss was estimated to have occurred in the first summer.

The two important parameters governing volatilization losses of TCDD are the
initial depth profile and vapor-phase diffusion within the soil (2177). There is a lack
of direct experimental data on the latter, but diffusion is -xpected to be affected by
the temperature and moisture content of the soil. The surface temperature of soils is
highly variable and is expected to significantly affect the -ate of
diffusion/volatilization; the fluctuation of sub-surface temperatures is much less
dramatic. Diffusion/volatilization of other chemicals of low water solubility and low
volatility, such as pesticides, has been reported to decrease dramatically under dry soil
conditions (2199). The soil moisture content below which a dramatic drop in
volatilization is observed roughly corresponds to a moaomolecular layer ef water
covering the soil surface (1513); the volatilization rate was not greatly affected by
minor increases above that level.

The depth of the initial chemical application will also affect the apparent half-life
of the compound in soil, since volatilization is largely a surface phenomenon. Podoll
et aL (2169) reported rapid volatilization of 2,3,7,8-TCDD at the soil/air interface,
with a significant amount of tightly sorbed residue. In the same study, very low
TCDD volatilization was reported when the contamination was buried to a depth of a
few mm in dry soil.

63.2.2 Transformation Processes in SoilA/viund-watzr Systems

2,3,7,8-TCDD is suscepti'ble to photodecomposition but is generally resistant to
other chemical degradation in the en,,ronment. In laboratory expt:iments,
2,3,7,8-TCDD was readily degraded by photolytic dechlorination in the presence of a
hydrogen donor (alcohols, ether, esters, hydrocarbons) and ulraviolet light (1864,
1850, 2191, 2203, 2204, 2205). Degradation of polychlorinated dibenzodioxins
occurred by preferential dechlorination at the 2,3,7,8-positions (2206, 2207, 2205);
continued irradiation res'lted in some dernomposition of the dibenzo-p-dioxin structure
(1864). Photolytic half-lives of 56.8 minutes for 2.3,7,8-TCDD in n-hexadecane
(2205) and 41 minutes in isooctane/octanol (2170) have been reported. In the
absence of a hydrogen donor or after evaporation of hydrogen-donating solvents,
negligible photoly~is -as observed (1864, 2204, 2203). In an aqueous suspension, no
appreciable photolysis of 2,3,7,8-TCDD was detected; however, additicn of a
surfactant resulted in significznt photolvtis (2201, 2202, 1864).

L1
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The environmental significance of 2,3,7,8-TCDD photolysis is not well
documented. However, several studies have reported that photolysis is the major
route of TCDD disappearance and that under some conditions no other degradation
would occur (18.3, 2174). Crosby and Wong (2208) reported rapid photolysis of
TCDD in Herbicide Orange (60-100)% in six hours); Young et al. (1850) reported

that herbicide formulations containing kaown concentrations of TCDD lost most or
all of the TCDD in a siugle day when exposed to sunlight on leaves, soil, or grass.
Typical half-lives for phototransformation of TCDD in aqueous environmental systems
range from 1.77 days in summer to 5.42 days in winter (2181). Soil is expected to
exert a protective effect against photolytic degradation; Nash and Beal (1908)
estimate the time required for a 50% reduction of an initial soil concentration of
1-100 ppm to be 435-650 days.

Dioxins have exhibited relatively strong resistance to microbial degradation in
soils (2198, 2176, 2180, 2201, 1864). Of 100 strains of microorganisms that had
previously been shown to degrade persistent pesticides, only five strains exhibited
some ability ,o degrade 2,3,7,8-TCDD (2180). Although an Air Force study (1850)
attn'buted loss of 2,3,7,8-TCDD in soil to biodegrad tion, subsequent data (2198)
demonstrated that all of the initial 2,3,7,8-TCDD was still contained in the test plots,
and attributed the apparent biodegradation to vapor diffusion, variations in initial
loadings, and analytical problems.

Recently, several authors (2194, 2189, 2200) have demonstrated that although
TCDD is relatively stable, some biodegradation does occur. Matsumura et al. (2194)
established that TCDD is biodegraded in acuate sediments and in soils; after 4
months, approximately 66% was reported to remain in soil. The addition of nutrients
significantly increased the rate of degradation. Degradation in cultures was
substantially greater than in soils due to the number of microorganisras available 1nd
to the fact that TCDD in soil s.ystems is strongly sorbed and not immediately
available to the microorganisms. The authors speculated that due to the relatively
3ow lipid solubility of TCDD, penetration ot the microbial cell membrane may be a
limiting factor. A strong stimulitory effect on TCDD biodegradatioi) was observed
when ethyl acetate was used as a carrier; use of a different carrier (such as corn oil)
completely abolished TCDD-metabolizing actir~ty.

Quensen and Matsumura (2200) reported that 5 ppb of 2,3,7,8-TCDD was
metabolized by pure cultures of two microcrganisms isolated from soil; again, the

degree of metabolism was strongly 6ependent on the carrier solvent used, with ethyl
acetate giving the best results; metabolism was also reported to increase when
alternative carbou sources we.re reduced. Only a slight indication of TCDD
metabolism in unaltered soil was reported due to strong sorption and limited
microbial uptake. Degradation may be fastest during the first few days, before
TCDD becomes strongly bound to soil.

Bumpus et al. (2189) also reported 2,3,7,8-TCDD degradation by microbial
cultures under nitrogen-defkient conditions. The authors note that in some cases

L
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microorganisms may possess the ability to degrade an environmental pollutant but the
pollutant may not be present in sufficiently high concentrations to induce the
enzymes required for degradation. In the -epoiled study, degradation of relatively
okw 2,3,7,8-TCDD concentrations (9 zng/10 mL culture) was observed because the

degradation process was initiated by nitrogen starvation rather than the presence of
sufficient quantities of the contaminant.

In summary, scme photodegradation of 2,3,7,8-TCDD may occur at the surface
of environmental soils. However, in most soil/ground-water systems, biodegradation is
expected to be of minimal importance since the natural concentration of
microorganisms capable of degrading 2,3,7,8-TCDD is expected to be low, and to
drop off sharply with in.easing depth.

63.2.3 Primary Routes of Exposure from Soiliround-water Systems

The above discussion of fate pathways suggests that 2,3,7,8-TCDD is moderately
volatile, very strongly sorbed to soil and has a high potential for bioaccumulation.
These fate characteristics suggest several potential exposure pathways.~i

Volatilization of 2,3,7,8-TCDD from a disposal site could result in inhalation
exposure to workers or residents in the area. The potential for ground-water
contamination is limited by its strong adsorptive characteristics. However, the
persistence of this chemical has allowed its transport to drinking water supplies.
Mitre (83) reported that dioxin (isomer not specified) was detected at 8 of 546
National Priority List sites. It was detected in ground water at 3 sites, in surface
water at 6 sites, and in air at 4 sites. 2,3,7,8-TCDD has not been found in finished
drinking water, and data showing its presence in ground waters used as drinking water
supplies are not available (992).

1The movement of 2,3,7,8-TCDD at low concentrations in ground water or its
movement with soil particles may result in discharge to surface water. As a result,
ingestion exposures may occur from the use of surface waters as drinking water
supplies, and dermal exposures may result from the recreational use of surface waters.
More important, however, is the potential for uptake of Z3,7,8-TCDD by aquatic
organisms or domestic animals. The high bioconcentration factor and the persistence
of 2,3,7,8-TCDD suggests that these can be impotant exposure pathways from
soil/ground-,dter systems.

63.24 Other Sources of Human Exposure

The presence of 2,3,7,8-TCDD in the environment is largely associated with the

use of the herbicides 2,4,5-T, 2,4,5-TP, and their related esters. Since most of the
uses of these products were restricted in 1979 (1918), they now represent a minor
source of 2,3,7,8-TCDD to the environment The persistent nature of 2,3,7,8-TCDD
suggests that residues may remain from past use of these herbicides and, as described
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below, combustion sources may represent an exposure source to newly formed
2,3,7,8-TCDD.

"2,3,7,8-TCDD does not appear to be a common contaminant of surface waters.
It was detected in I of 491 ambient water samples reported in the STORET data

* base (1417). The same database reports its presence in 2 of 157 sediment samples.

Data on the levels of 2,3,7,8-TCDD in air are few. Tetrachloro-dibenzo-p-dioxins
have been detected in air particulate matter from Washington, D.C. and St. Louis at
concentrations of several ppb (mass of chemicallmass of particulate matter) (1919).
The amount of the 2,3,7,8-isomer was not specified, thus this value can be taken only
as an upper limit of the 2,3,7,8-TCDD concentration. Some measurements of
2,3,7,8-TODD concentrations in air have been made under special circumstances.
Average concentrations of 1.1 ppb were detected near a disposal site in Jacksonville,
Arkansas, and concentrations up to 0.09 ng/m3 have been reported following the
"agriculturai application of silvex (992).

2,3,7,8-TCDD has been detected in the stack emissions of a facility that burned
raw municipal waste; its average concentration in the stack effluent was 0.41 ng/dry
standard cubic meter (ground-level concentrations were not specified) (1920). The
same study found no 2,3,7,8-TCDD in the emissions of a facility that burned
refuse-derived fuel and coal.

Food appears to be an insignificant exposure source 'o 2,3,7,8-TCDD. It has'
been detected in the fat of cattle, which had grazed on :.nd treated with 2,4,5-T, at
concentrations of 4470 parts per trillion, and levels between 1 and 700 parts per
trillion have been reported in fish and shellfish (992). The estimated maximum daily
intake for people who regularly consume fish from the Great Lakes region has been
estimated at 0.39-8.4 ng/day. Studies of human milk (1921) and chicken and pork
samples (1922) have failed to detect 2,3,7,8-TCDD. Because 2,3,7,8-TCDD is not
taken up significantly by plants and because vegetables are typically washed before
eating, exposure to 2,3,7,8-TCDD translocated into vegetables or present in dust cn
their surface is expected to be minimal (1921).

In general, human exposure to 2,3,7,8-TCDD is low. A mean daily adult dose of
0.1-0.2 ng has been estimated based on concentrations detected in abdominal fat
(1922). Some of the largest expcsures to humans have occurred from accidental
releases, as in the case of a chemical reactor explosion in Italy, or by contact with
locally contaminated soil as occurred in Missouri (1919). The formation of
2,3,7,8-TCDD during an electrical fire involving a transformer that contained PCBs
and tetrachlorobenzenes has suggested another potential exposure pathway (1923).

VI
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63.3 HUMAN HEALTH CONSIDERATIONS

633.1 Animal Studies

63.3.1.1 Qrciowkty

2,3,7,8-TCDD is carcinogenic in rodents resulting in an increased incidence of
carcinomas of the liver and respiratory tracL

Sprague-Dawley rats were fed diets containing 0, 0.001, 0.01, or 0.1 ug/kg/day
2,3,7,8-TCDD for up to 2 years, High early mortality was observed in all groups in
this study but was only statistically significant in the high-dose group. This early
mortality is particularly significant since it reduced the number of animals at risk
during the time of expected tumor manifestation, thereby reducing the sensitivity of
the study. 2,3,7,8-TCDD induced a highly statistically significant increase of both
hepatocdllular carcinomas and hepatocellular neoplastic nodules in female rats at
doses of 0.01 and 0.1 ug/kg/day. The high-dose level of 2,3,7,8-TCDD also included
a statistically significant increase in stratified squamous cell carcinomas of the hard
palate and/or nasal tubinates in both males and females, squamous cell carcinoma of
the tongue in males, and highly significant keratinizing squamous cell carcinomas of
the lung in females.' Results indicate 2,3,7,8-TCDD is highly carcinogenic when fed
to rats for up to 2 years (2046).

A second rat feeding study was conducted in Osborne-Mendel rats by NCI
(2102). Animals were orally administered 0, 0.01, 0.05, or 0.5 ug/kg/wmk of
2,3,7,8-TCDD suspended in a vehicle of 9:1 corn oil-acetone for 104 weeks. All
surviving animals were examined 1-3 weeks after the treatment period ended. Male
rats showcd a statistically significant dose-related increase in the iucidence of
follicular-cell adenomas or carcinomas of the thyroid. Male rats in the high-dose
group also had a significantly increased incidence in subcutaneous tissue fibromas.
The incidence of hepatocellular cai -inoma and neoplastic nodules, subcutaneous
tissue hibrosarcoma, and adrenal cortical adenomas were all significantly increased in
high-dose treated female rats. Carcinogenic effccts reported in this study confirm
earlier findings (2046) that oral administration of 2,3,7,8-TCDD is carcinogenic in
rats.

Male B6C3F, niiice witre orally administered 0, 0.01, 0.05, or 0.5 g/gkg/week of
2,3,7,8-TCDD while female mice received 0, 0.04, 0.2, or 2 Ag/kg/week of
2,3,7,8-TCDD suspended in a vehicle of 9:1 corn oil-acetone for 104 weeks (2102).
2,3,7,8-TCDD induced a statistically significant increase in the incidence of
bepatocellular carcinomas and neoplastic nodules in high-dose male mice. High-dose
females had a significantly increased incidence of hcpatocellular adenomas or
carcinomas, fibrosarcoma, lymphoma, and thyroid follicular-cell adenoma. Results
indicate 2,3,7,8-TCDD mainly affects the liver, producing hepatocellular carcincmas in
mice orally administered 2,3,7,8-TCDD.

Li
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Carcinogenicity was also evaluated in mice following dermal applications of
TCDD (2103). 2,3,7,8-TCDD suspended in acetone was applied ,o the clipped backs
of Swiss-Webster mice 3 days/week for 99 or 104 weeks. Female mice received 0.005
gg TCDD per application and male mice received 0.001 ug TCDD. Controls were
treated with acetone while another group of mice went untreated. The incidence of
fibroarcoma in the integumentary system in TCDD-treated female mice was
significantly higher than in corresponding corttrols (8/27 vs. 2/41 in the acetone
controls). 2,3,7,8-TCDD applied to the skin was not carcinogenic for male
Swiss-Webster mice; however, demal application of 0.005 Mg TCDD 3 days/week for
104 weeks was carcinogenic for female Swiss-Webster mice causing fibrosarcomas in
the integumentary system. The study did note that only one dose/-,ex was used and
that the maximal tolerated dose was not determined, especially in male mice and that
the number of mice tested was marginal. Despite these criticisms, the study was
considered valid (2103).

IARC (1250) has classified 2,3,7,8-TCDD as a group 2B compound. Both oral
and dermal exposure to 2,3,7,8-TCDD produced tumors in mice and rats. Evidence is
considered inadequate to determine the carcinogenic effects of TCDD in man. The
USEPA classifies 2,3,7,8.TCDD iZ a B2 compound and assigns an IE-04 Canxcer Risk
of 2 x 1O0" M4g/L (3742).

63.3.12 Gcotaticitv

The genotoxicity of 2,3,7,8-TCDD is confounded by its extreme toxicity. 2,3,7,8-
TCDD showved no genotoxic activity in strains TA93, TA100, TA1530, TA1535,
TA1537, TA1538, TA153Z hisG46, TA1950, TA1975, or TA1978 of Salmonella
,t•hirurium (2086, 2087, 3470, 3238) with or without metabolic activation. However,
Seller et al. (2088) and Hussain et aL (2089) re-orted a positive response in S.
ti• tJmxrim•m TA1532, a strain no longer used in short-term testing. This positive
finding has not been reprrduced. 2.3,7,8-TCDD induced an increase in the reverse
mutation rate of Escherichia coli Sd-4 and a weak induction of prophage in F. coli
K-39 cells (2089).

Positive results for reversion and gene conversion were reported i tro in a
host-mediated assay in yeast D7 (2090).

2,3,7,8-TCDD was negative in a sex-linked recessive lethal test in Elrosofht!a
(2079). Zimmering et al. (3863) found this compound almost insoluble, but injected
Drosophila males with 50, 100, or 150 ppm. The two higher doves resulted in almost
no progeny, but at 50 ppm, the frequency of sex-linked recessive lethals was at
control levels.

No increase in sister chromatid exchange or chromosome aberrations in Chinese
hamster ovary cells werc reported following treatment with 2,3,7,8-TCDD (2079).
Ga!loway et al. (M235) also did not observe any increase in sister chromatid exchanges

LiM
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or in chromosomal abet-rations in cultured Chinese h.mster cells treated witt. 2,3,7,8- S' TCDD dissolved in ethanol.

S.....Althaus et al. (3018) examined nuclei of cultured rat hepatocytes from Holtzman
J;,•ii males treated with 2,3,7,8-TCDD up to the toxic dose and measured unscheduled

DNA synthesis; results with TCDD were similar to the negative controls.

No dominant lethal mutations were induced in male Wistar rats orally
administered 4, 8, or 12 mg/kg/day 2,3,7,8-Tr.DD for 7 days (2091). Conversely,
Giavini et al. (3244) treated female rats by gavage daily for 2 corfecutive weeks at 0,
0.125, 0.5, and 2 Mg/kg, caged them with untreated males after treatment, and killed
them on day 21 of gestation; at the lowest dose no adverse effects were seen, but at
the highest dose there was a significant increase in pre-and post-implantation lou and
in the incidence of malformed fetuses.

Luster et al (3411) obw.rved .4at bone marrow progenitor cels were suppressed
following acute exposu.t of mice to 2,3,7,8-TCDD at doses as low as 1.0 pg/kg bAdy
weight and that this compound was bound to the DNA of bone marrow cells
possessing a specific receptor for TCDD. Meyne et al. (3447) injected two strains of
mice (C57B1/6J, a high-affinity TCDD receptor strain, and DWAX2J, a low-affinity
TCDD receptor strain) intraperitoneafly with doses as high as 150 pg/kg, a dose that
is hepatotoxic, end examined bone marrow cells for chromosomal aberrations, sister
chromatid exchanges, and the prcsence of micronuclei. For all endpoints, cells from
treated mice had no in-:rease over those of contro! mice. In a similar study, Brooks
et aL (3084) injected male C57B1/61 (high TCDD receptor strain) mice, performed
partial hepatectomies to stimulate liver cell proliferation, and checked the
regenerating hepatocytes for chromosomal aberrations; there was no increzse in
chromosomal aberrations but many signs of hepatotoxicity.

Lim et al. (3397) examined the lymphocytes of Rhesus monkeys fed 25 ppt in
their diet for four yeas. Even thoigh they observed a significant variation between
animals within each group, the average sister chromatid exchange level in the treated
group did cot differ significantly from the controls. The same observation held true
with respect to the level of chromcsome aberrations.

Reggiani (3586) examined lymphocytes of 22 people exposed to 2,3,7,8-TCDD
during the Seveso incident and concluded that the chromosome aberrations found
were within the normal range. Tenchini et al. (3705) examined maternal and fetal
tissue from women who had been exposed during the same incident. The authors
concluded that .'...the increased frequencies of aberrant cells in fetal specimens from
exposed pregnancies are artifacts due to factors inherent in the growth in culture of
the tissue fragments.'
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63.3.1.3 Terakagenicity, Embrytozi*ty adRqpraductive lEffec.tz

2,3,7,8-TCDD is a potent teratc,,en producing cleft palate and cystic ki ney in

laboratory animals. 2,3,7,8-TCDD has also been shown to induce abortion in

monkeys.

Schantz et aL (2209) fed Rhesus monkeys a diet containing 50 parts e trillion

2,3,7,8TCDD for 20 months. During month 7 of the study, females were mated to

control males. Fetal de.velopment was seriously affected during 2,3,7,8-TCDD

ingestion resulting in 4 kbortions and I stillbirth. Two monkeys die not conceive

despite repeated matinps and only two animals carried their young to term. T1his

study has generated concern since effects resulted from a daily dose of 0.00 5 ug/kg.

The .nost prominent embryotoxic effect of TCDD in mice is the induct on of

cleft palate. Nau and Bass (2028) measured TCDD levels in relationship tc the

occurrence of cleft palate in NMRI mice. ["4C1-TCDD was injected mtra oe ally
at a dose of 25 jig/kg on gestational day 7 or 10, or 5 pg/kg/day on gestational days 7

thr3ugh 11. TCDD levels wert determined on gestational day 13 while examination

for cleft palate was performed on gestational day 1P. Embryonic TCDD levels were

not expected to differ among the 3 treatment groups owing 'o a half-life of TCDD in

mice of approximately 4 weeks. However, TCDD levels in the group treat, with a

single 25 Ag/kg injection oi gestational day 7 were significantly lower than the other

two treatment groups. The animals dosed with TCDD on gestational day 7/ showed a

16% incidence of cieft palate versus 84% and 65% incidences ia the groups treated

on day 10 and on days 7-11, rtmspectively. Fetal weight was also significa, tly

decreased in these two treatment groups. It appei.rs that 2,3,7,8-TCDD exerts a

dirat effect on the mid-gestational embryo to produce cleft palate (2027).

The above i-',din;s were corroborated by Galloway et a]. (2029) in a study that
found the inducile cytochrome P-450 enzyme system to be expressed in mouse

embryos at day 7.5 to 8.5 of gestation. These results indicate that both th Ah

receptor and cytochrome P450 are functional at an early embryonic age and *hat the

Ah locus is most likely responsible for benzo(a)pyrene- and TCDD- associa ed

embryo toxicity and teratogenesis in mice soon after gestational day 7.

2,3,7,8-TCDD orally administered to pregnant Sprague-Dawley rats at doses of 0,
0.125, 0.5, or 2 ug/kg/day on gczational days I to 3 did not increase the incidence of

pre- and post-impaantation losses (209S). The only noticeable adverse effc•t was a

significant reduction in the fetal weight in the 0.5 and 2 !ig/kg/day dose groups.

To study the e-tiology of TCDD-produced kidney abnormalities in mice, Abbott

et al. (3002) gavaged C57B1/6N dams with 12 pg/kg TCDD on day 10 of gestation.

Fetal urinary systems were examined daily on days 14-17. On day 15 the lumina of

the ureters were occluded by epithelial cells. Hydronephrosis became pronounced by

day 17.

I;,•. . ,,i•...'Lv.o• • • •••• -_ i r:.....
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Since no effects of 2,3,7,8-TCDD toxicity appeared to manifest from treatment
during early pregnancy, Giavini et aL (2099) examined effects of TCDD when
introduced to the fetus ove-r a longer time period of gestation. Pregnant New
Zealand white rabbits were treated by gavage with 0, 0.1, 0.25, 0.5, or 1 pg/kg
2,3,7,8-TCDD [in corn oil:acetone (9:1) solution) from gestational days 5-15. Signs of
toxicity were evident in dams treated with 0.25 pug/kg TCDD or higher resulting in
death of 2 animals in the 0.5 &g/kg group and 4 animals in the 1 Ag/kg group. The
post-implantation loss rate was significantly increased in the groups treated with 0.25
pg/kg and higher. A significant increase in extra n1as was the principal skeletal
anomaly found in all treated groups. This anomaly was considered vn index of fetal
toxicity rather than a sign of teratogenicity. Hydronephrotic kidney was also seen in
all treated gToup and one fetus mn the 0.1 pg/kg group showed a double kidney with
double ureter.

The effect of 2,3,7,8-TCDD on animals prior to mating was studied by Giavini et
aL (2G97). Female CRCD rats were administered 0, 0.125, 0.5, or 2 pg/kg
2,3,7,8-TCDD (99% purity in 9:1 corn oil:acetone solution) for 2 consecutive weeks
by gavage prior to mating. Signs of maternal toxicity included a decrease in activity
in the 2 pg/kg group and a significant decrease in weight gain in the 0.5 and 2 Ag/kg
groups. A significant increase in the post-implantazion loss was recoided at 0.5 and 2
p;g/kg dose levels (10.2 and 30.3%, respectively, vs. 2.9% in controls). This loss was
attr'buted to impaired ovulation and an increased mortality rate of embrycs before
and zfter implantation. Fetuses in the high-dose TCDD group developed a
significant number of severe morphological alterations including cystic kidney,
subcutaneous edema, and gastrointestinal hemorrhage.

Murray et aLf (2101) conducted a three-generation reproduction study in
Sprague-Dawley rats administered 0, 0.001, 0.01, or 0.1 pg/kg 2,3,7,8-TCDD daily in
the dieL Due to its high toxicity, the 0.1 pg/kg treatment was discontinued.
Breeding performance was significantly disrupted in the F, and F2 animals fed 0.01
pig/kg 2,3,7,8-TCDD. Fertility, litter size at birth, prenatal survival, and postnatal
body weights and survival were significantly decreased in these generations. A
significant increase in the average length of time from cohabitatiou to parturition in
the F1 and F2 rats fed 0.01 pg/kg TCDD indicated an interference with the estrous
cycle. In fact, morphological alterations were reported in the ovaries and uterus of
rats orally given I mzg TCDD/kg/day for 90 days (2100). These results indicate that
TCDD may seriously affect reproduction at extremely low doses.

lExposure to 2,3,7,8-TCDD has been associated with altered metabolism of
thyroid hormones and changes in plasma concentrations of thyroxine. Lamb et al.
(2026) investigated the effect of TCDD and exogenously admi.stered thyroxine on
the induction of cleft palate in C57C06/6N mice. Pregnant mice were dosed by gavsge
with 3 jg/kg/day 2,3,7,8&TCDD on gestational days 10 through 13. Both T,
(3,5,3'-triiodo-L-thyronine) and T, (L-thyroxine) administration increased the incidence
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of cloeft palate in TCDD-treated animals in a dose-related manner. The increase was
thought to be related to an interaction of TCDD with T, or T".

McKinney et aL (2210) have shown that T3 or T, will bind to the Ah receptor
with a 5- to 10-fold preference for T,,. These data seen to be consistent with data
provided by Lamb et al (2026) in that the potency of T, is five times greater than T,
in increasing the induction of cleft palate by TCDD.

Other studies have indicated synergistic increases in teratogenicity when mice are
exposed to TCDD and hydrocortisone (3068), polychlorinated biphenyLs (3069),
2,3,7,8-tetrachlokodibeazofuran (3831), or other dioxins and furans (3382). The
widcspread environmental occurrence of such combinations suggests a need for
further evaluation of these interactions.

63.3.1.4 Othe Toxicologic Effects

63.1.4.1 Short-tam Txcwity

2,3,7,8-TCDD has an extremely high acute toxicity in animals with single oral
LDW values ranging from 0.5 ug/kg bw in the guinea pig to 1157 1tg/kg bw in the
hamster (3933). Death: following a lethal dose of 2,3,7,8-TCDD is often delayed for
several weeks. Acute TCDD exposure produces a variety of toxic effects including
hepatic necrosis, thymic atrophy, depletion of lymphoid organs, immunosuppression,
kesions of the myocardium, and hemorrhage and atrophy of the adrenal glands. The
main target organs appetar to be the liver and thymus; however, toxic effects vary
among species (1607).

The dermal toxicity of TCDD was evalvated in rabbits at a dose of 0, 31.6, 63,
126, 252, or 500 rug/kg bw 2,3,7,8-TCDD applied to the shaved abdomen as a 0.01%
solution hi acetone (2047). The test area was covered to prevent ingestion. Animals
were observed for 3 weeks. Marked individual differences were observed in the
susceptibility, with the time of death ranging from 12-22 days post-treatment. The
dermal LD,. in the rabbit was estimated to be 0.275 mg/kg.

Schwetz et al. (2047) studied the effects of 2,3,7,8-TCDD in the rabb-t eye.
Approximately 2 mg 2,3,7,8-TCDD (vehicle not stated) was instilled into the
conjunctival sac of one eye. The contralateral eye served as the control. A delayed
conjunctival chemosis occurred 13-22 days after treatment. By day 27, the cbemosis
had subsided but the rim of the eyelid was thickened and encrusted. No sign of
corneal injury or iritis was observed in any of the treated animals.

The toxic effects of a single oral dose of 2,3,7,8-TCDD wre investigated in the
Rhexu.e monkey by McConnell et al. (2048). Animals were given a single dose of 0,
70, or 350 1/&/kg 2,3,7,8-TCDD in corn oil by oral gavage. The earliest sign of
toxicity was a decrease in body weight observed on day 3. Weight loss continued
throughout the study and by death, animals had lost 13-38% of their body mass.

L 4 1R
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Puffiness of the eyelids progressing to a narrowing of the eye opening, purulent
exudate and occasional pustules, edema, loss of facial hair, and loss of toe and finger
nails were also observed by the 5th week of the experiment. Necropsy revealed a
thick paste-like substance in the eyelids and ear canal Body fat was completely
absent and a depletion of lymph tissue, partkiularly the thymus, was noted. GraLtric
ulcers were observed in all treated animals. A specific cause of death could not be
determined.

2,3,7,8-TCDD exposure in rats (route and dose not specified) resulted in
extensive hemorrhages of the heart, liver, brain, adrenal glands, and GI tract along
with ulcers and necrosis of the glandular stomach and atrophy of the uterus in
female; (2080). Death in mice was frequently attributed to terminal hemorrhages.

Fowler et al. (2081) treated rats with a single dose of 0, 5, or 25 ug/kg
2,3,7,&-TCDD (carrier vehicle not stated) by gavage. Livers were examined on day 1,
3, 6, 9, 16, and 28 post-treatment. The major ultrastructural change observed was a
dose-related increase in the smooth and rough endoplasmic reticulum in cells near the
bile canaliculL The initial increase appeared by day 3 with a maximal response by
day 9. Cells returned to normal by day 28. Necrosis and proliferative changes in the
rat liver were the predominant lesions. Results indicate an induction of protein and
RNA synthesis by 2,3,7,9-TCDD in the liver of rats.

a Following administration of a lethal dose of 2,3,7,8-TCDD, all animals experience
a prolonged wasting syndrome prior to death (2027). This syndrome is characterized
by a loss of adipose tissue, involution of lymphoid organs, and degeneration of the
seminiferous tubules of the testicles.

Investigations by Christian et aL (2049) showed TCDD treatment to profoundly
affect intermediary metabolism in the mature rat during an early stage of toxicity
when body weight loss was minimal. Changes in carbohb'drate, protein, and lipid
metabolism were not the .-esult of a reduction in ca:oric intake, but reflected
alterations in hepatic metabolism.

Rozman et al. (2052) irivestigated the effects of changes in intermediary
metabolism relating to thermogenesis and the development of TCDD-induced wasting
syndrome. Male Sprague-Dawley rats were given a single intrapcritoneal injection of
0 or 150 pg/kg 23,7.8-TCDD in corn oil/4% anisole solution and sacrificed 1, 3, 7, or
14 dnys after treatment. TCDD-treated animals gained weight until the end of the
experiment. Liver damage involved fatty infiltration followed by extensive
degenerative changes. Examination of brown adipose tissue revealed a decease in
the number of fat droplets and hypertropby of brown adipoxytes one day after dosing.
Brown adipose tissue is a major site of nonshivering and diet-induced thermogenesis
which plays A major role in the overall energy balance of animals. Rozman suggests
that the wasting syndrome results from a wasteful utilization of energy due to
impaired aerobic metabolism in brown adipose tissue.
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An riternate theory on the wasting syndrome w=s proposed by Seefeld and
Peterson (2072). These investigators suggest that TCDD-induced weight loss in the
rat occurs secondary to a reduction in the animals' set point for regulited body
weight, and not as a result of reduced food intake or impaired metabolism. A group
of male rats was fed ground food ad libitum until a body weight of 300 grams was
reached. A second group of rats was placed on a restrictive diet to reduce body
weight to 210 grams. Both groups of animals were orally administered a single dose
of 25 1g/kg 2,3,7,8-TCDD (vehicle carrier not identified) and allowed food ad libitum.
The animals weighing 300 grams developed hypophagia and lost weight until leveling
off at 260 grams. The animals in the reduced weight group became hyperphagic and
gained 50 grams during the 12 day observation period immediately following
2,3,7,8-TCDD treatment. Interestingly, both groups converged at the same weight
level of 260 grams and consumed con, arable amounts of food thereafter. These
data indicate a reduction in the body weight set point which in directly related to the
dose of TCDD administered.

The actual mechanism of 2,3,7,8-TCDD immuiotcxicity is unknown; however,
severn theories exist. Faith and Luster (2083) reputted that lymphocytes from the
spleen, thymus, bone marrow, and lymph nodes of Fischer rats exposed to
2,3,7,8-TCDD showed abnormal homing patterns within the body. 2,3,7,8-TCDD
exposure apparently altered the cell surface markers so that splet-n lymphocytes from
exposed rats were taken up by the thymus of unexposed recipient rats. 2,3,7,8-TCDD
was suggested to either change cellular metabolism which results in an altered cell
membrane, or to alter the cell membrane by insertion of TCDD directly into the
proteolipid structure.

Kurl et al. (2084) reported that 2,3,7,8-TCDD caused changes in t'iymic
tranc-ription and RNA sy.thesis that may led to cell surface changes. These cell
surface changes could presumably result in altered antigen recognition and cell-to-cell
recognition causing immunosuppression and thymic atrophy.

Pratts theory (2027) was further supported wh n Clark et ai. (2085) reported
that a 10- to 100fold greater dose of 2,3,7,8-TCDD was required to suppress
cytotoxic T-cells in DBA/2 raice than in C57B1 mice. These results indicate that
susceptibility to 2,3,7,8-TCDD immunotoxicity segregates with the Ah ,ocus. This
receptor-mediated mechanism was further supporte-d by the susceptibility of the
C57B1/6 x DBA12J hybrid mouse to 2,3,7,8-TCDD suppression of the cytotoxic T-cCll.

63-3.1.4.2 Subchronic and Chronic Toxicity

S•rDeCaprio et al. (2032) investigated the subchronic effects of TCDD following

oral administration. Hartley guinea pigs were fed diets containing 0, 2, 10, 76, or 430
parts per trillion 2,3,7,8-TCDD for 90 days. Additional guinea pigs ,''re fed 430Sparts per trillion 2,3,7,8-TCDD in the feed for 11, 21, or 35 days and allcwed to
recover for 79, 69, or 55 additional days, respectively. Results indicate a
no-observed-effect level (NOET.) of 0.61 (males) and 0.68 (females)ng
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2,3,7,8-TCDD/kg/day for the 90.day feeding exposure. Animals in the 430 parts per
trillion treatment xsoup h:%d a 60% mortality rate after corsumption of approximately
1.6 tg/kg 2,3,7,8-TCDD. These animals also exhibited body weight loss, thymic
atrophy, and liver enlargeicnt. In general, toxic effects were similar to those
observed after acute 2,3,7,3-TCDD administration. In the animals allowed to recover
following TCDD administration, the ticatment-related mortality in each group was 0,
10, and 70%, respectively. These results indicate a cumulative toxic effect with a
lkzr LD, value of 0.8 py/kg than values obtained following acute exposure (2.5-19pg/kg).iý]c

In addition to the increased incidenc. of hepatocellular carcinomas and squamous
cell carcinomas of the lung, hard palate and tongue discussed in Section 63.3.1, low
levels of TCDD produced a variety of toxic effects (2046). Sprague-Dawley rats were
fed 0, 0.001, 0.01, or 0.1 pg/kg TCDD per day for two years. The liver wis the
organ most consistently affected and exhibited multiple hepatocellular degeneration,
inflammation, and necrosis. Females tieted at the 0.1 pg/kg/day dose level
developed isolated incidences of thymini and/or splenic atrophy. Other effects related
to treatment at this level included an increased incidence of hemorrhage in the brain
and spinal cord and an increase in myocardial degenerative changes. Mesenteric and
thoracic periarteritis accompan;ed by thrombosis and hepatoma were also increased in
treated animals. Throughout the study, female rats were more sensitive to the toxic
effects of TCDD than male rats. However, females treated with the high dose of
2,3,7,8-TCDD had a significantly decreased incidence of pituitary, uterine, and
mammary changes than control animal•.

King and Roesler (2092) observed' liver toxicity in Sprague-Dawley rats orally
administered 0, 0.1, or I pg/kcg/wek 2,3,7,8-TCDD in a 9:.1 corn oil-acetone solution
for 28 weeks. In additon to decreased body weight gain, histological changes in the
liver were noted. Fatty changes in thep liver were considered the most important
observation. Male rats appeared to be more susceptible to the liver changes than
female rats. Fatty changes decreased in severity during the recovery period but were
still present 12 weeks after cessation of exposure. Other changes in the liver
included mild necrosis, subtle distortion' of liver architecture and slight hyperchromatic
nuclei.

Subcutaneous edemra, involution o: the thymus, a decreased number of
thymocytes, and focal necrosis and pigment accumulation in the liver were reported in
rats orally treated with 0.1 or I pg/kg 23,7,8-TCDD, 5 days/week for 13 weeks
(2093). Histological examination showed the liver and thymw. to be the primary
points of 2,3,7,8-TCDD attack; however, there were signs of aortic thrombosis and
adrenal hemorrhage in one animal andisigns of severe anemia in another, suggesting
possible involvement of the hematopoietic system prior to death.

Hematopoictic involvement was further indicated in the monkey by Allen et al.
(7094). Female Rhesus monkeys maintained on a diet containing 500 parts per
tri.1lion 2,3,7,8-TCDD for 9 months developed alopecia, swollen eyelids, and

! I
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periorbital edema after 3 months of treat.ent All blood parameters except for
blood proteins decreased. in animals that survived th: 9-month treatment period,
toxic symptoms continued to develop during the 4-month observation period.
Hematological changes observed during the treatment period were consistent with
microscopic findings of bone marrow degeneration at autopsy. Allen suggested that
decreased platelet levels resulted in poor cloting and the widespread bemoiThage
observed in many organs, parti,.uarly the stomach. The decreased RBC-count
resulted in a loss of oxygen carring capacity and an increase in cardiac workload and
hypertrophy of the heart. Cellular hypertrophy, hyperplasia, and metaplasia of the
epithelium of the salivary gland, bile duct, lung, and stomach were also observed.
The ultimate cause of death wds attributed to severe pancytopenia (deficiency of all
cell elments of the blood).

Subchronic administration of 2,3,7,S-TCDD also induces porphyria (2095).
Female Sprague-Dawley rats were g;'/en 0, 0.01, 0.1, or ' Pg/kg 2,3,7,8-TCDD by
gavage weekly for 16 weeks. Liver porphyrirs were elevated approximat:ly 1000-fold
in animals treated with 1 pg/kg/week. After a 6-month reccivery period the )crpbyrin
levels in animals xposed to 1 pg/kg/week were still 100-fold h.,,er than control
values. The rate-limiting enzyme in heine synthesis, delta-aminolevulinic acid
synthetasx, was also elevated at both the end of the treatment period and the end of
the 6-month recoverl period. The AHH, cytochrome P450 and glucuronyl
transferase enzyme systems all returned to normal levels by 6 months. Results
indicate that a 6-month recovery period is not sufficient to reverse 2,3,7,8-TCDD
induced porphyria.

Long-term low-leve, exposure to TCDD under field conditions had minimal effect
on the, health and reproduction of the beach mowue (2033). Mice occupied a 3 km2

military test area that was sprayed with 73,000 kg Z,5-T from 1962-1970. No 2,4,5-T
residue was found in the area; however, 10 to 1.5Ok parts per trillion 2,3,7,8-TCDD
residues were atill present in 1978. Liver tissue of the beacb mice inhabiting the test
site contained 300 to 2900 parts per trillion 2.3,7,8-TCDD. Mstological examination
revealed no abnormalities, but animals collected in 1978 were estimated to be 50
generations removed from the population exLmined in 1973 and even further
removed from the actual exposed population.

633.2 Human and Epidemiologic Studies

633.21 Short-term Toxicologic Effects

Acute exposure to 2,3,7,8-TCDD results in nausea and vomiting, headache, and
eye, skin, and respiratory tract irrita3on. Other symptoms may include drenching and[ sweating with extensive dehydration and weight loss, increase in body temperature,V severe respiratory distress, fatty degeneration of the liver, cyanosis, elevated blood
urea nitrogen followed by fast deterioration cf general condition, and death from
acute congestive hean failure (2079). The initial skin reaction resembles a chemical
burn and is followed by chloracne several days or weeks later. Chloracne is a
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cutaneous eruption of comedones. C-•sts and pustules which usually occur on the face
and shoulders as a result of squamous metapilasia of the dermal glanas (2035). It is
characterized by hyperplasia and hyperkeratosis of the interfollicular epidermis,
hyperkeratosis, and squamous kmetaplasia of the sebaceous glanIs (2038).

No 2,3,7,8-TCDD was detected during biochemical analysis of the chloracne
lesions in exposed children; however, it was revealed that cholesterol was the primary

J component or the lipid fraction of the lesions (2036). No difference was reported in
the composition of cysts analyzed at different times following TCDD exposure. Passi
(2036) concluded that the squamous metapla&,ia affects mainly the cells of the
sebaceous gland duct and the cutaneous pathology induced by exposure to TCDD
was related to a hyperproliferative reaction of the entire cutaneous epithelium. The
temporary condition of squamous metaplasia was also considered to be due to the
direct toxic effect of 2,3,7,8-TCDD. Long-term investigations were recommended to
"confirm this finding.

A case of acute exposure occurred in three scientists attempting to prepare a
pure 2,3,7,8-TCDD standard (20W%). Within several weeks of exposure, all scientists
reported chloracne, gastrointestinal pain, headache, and fatigue. Delayed symptoms
consisting of personality changes, loss of energy and drive, impaired taste,
gastrointestinal symptoms, hirsutism (abnormal hairiness), and hypercholesterolemia all
occurred 2-3 years after exposure. One scientist reported loss of mental and
muscular coordination e'nd blurred vision. Most symptoms were reported to subside
with time.

A 6-year-old girl became severely ill after playing in a horse arena that had been
sprayed with 2,3,7,8-TCDD contaminated waste oil to control dust (2210). Symptoms
included headache, nosebleeds, diarrhea, lethargy, hemorrhagic cystitis, and focal
pyelonephritis (inflammation of the kidney due to bacterial infection). Three other
children developed chloracne 1.5 months after playing in the arena. Adults in contact
with the soil developed headache, skin lesions, and joint pain. Re-e amination of the
severely aftected girl 5.3 years following exposure revealed no residual sign- of

* toxicity (2211).

The majority of acute human exposure studies reported in the literature result
from explosions or accidental release of 2,3,7,8-TCDD in trichlorophenol
manufacturing plants.

The firut cases of ch!oracne associated with TCDD exposure occurred after a
1949 explosion in a chemical factory oroducing 2,4,5-T in Nitro, West Virginia. A
total of 228 workers were exposed. Symptoms included acute respiratory symptoms,
skin and eye i--ritation, headache. dizzmness, and nausea. These symptoms disappeared
within two weeks of exposure and were followed by an acneform eruption, severe
muscle pain affecting the extremities, thorax and shoulders, fatigue, nervousness and
irritability, dyspnea, complaint of decreased libido, and intolerance to cold. Physical
examination revealed severe generalized chloracne, hepatic enlargement and
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tenerness, peripheral neuritis, delayed prothrombin time, and an increase in total

serum lipids. Nerve biopsy of one of the patients revealed myelin degeneration.
Liver and nervous system symptoms subsLided four years after the initial TCDD
exposure. Cbloracne, though much improved, still remained (2043).

Mortality analysis of 122 workers 30 years after the original West Virginia
accident was !nconclusive due to the small size of the cohort and the few repoile
deathL. The limited data did not suggest any difference in the cqpccted death rates
and cancer rates in the general population versus the trst group (2043).

A second accidental release of 2,3.7,8-TCDD was rcoorted in 1953 at a Z4,5-T
pLint in West Germany (2034). As tl-,e cloud dispersed through the building, a white
residue was left on all surfaces. Chloracne rapidly appeaied in all exposed workers.
Five years after the accident, a mechanic was acutely exposed to 2,3,7,8-TCDD while
welding an autoclave. Despite protective clothing, the man inhaled some vaporized
lubricant containing 2,3,7,8-TCDD after lifting his mask to wipe his forehead. Four
days later, acute dermatological and neurological symptoms developed. The victim
was hospitalized six rionths after the incident for pancreatitis and liver enlargement.
A large mass of tissue was discovered in the upper left abdominal region which
resulted in death 3 months later Autopsy revealed pancreatic necrosis, perforation of
the stomach, liver abscesses, and chloracne of thc trunk.

Long-term mortality of the German employees exposed to acute doses of
2,3,7,8-TCDD following th'e 1953 accident was reported by Thiess et al. (2034).
Twenty-sven years after tie accident, 74 employees were located to participate in
the study. Seven 2,3,7,8-TCDD-exposed workers developed malignant neoplasms
(compared with an expected value of 4.1). The observed incidence of carcinomas of
the stomach in the TCDD cohort was also significantly higher (p < 0.05) wheny ecompared to the expected value in threz :-ference populations.

The most recent acute TCDD exposure episode occurred in Seveso, Italy in July
1976. A runaway reaction occurred in the ICMIESA plant in Meda, Itrly during the
production of 2,4,5-trichliorophenol. A cloud containing several hundred grams of
2,3,7,8-TCDD was released into the atmosphere and travelled through Seveso, Italy
before dissipating. The exact nature of the cloud was not known and people in
Seveso were not evacuated until 2 weeks after the incident. By April, 1977 a total of
164 children under 15 years of age developed chlofacne. Comparison of children
with chloracne and children never exosed to 23,7,8-TCDD revealed sigrificant
differences (2037). Effects on the gastro-intestinal tract consisting of lack of appetite,
nausea, vomiting, abdominal pain, and gastritis were significantly (p < 1.6 x 10")
increased in the children with chloracne. Urinary tract effects and inflamed joints
were also significantly increased in the exposed children (p < 0.06).

A study was conducted by MKxarelli ct al. (2038) on 1500 children age 6 to 10
years old at the time of the Seveso accident. This cohort was followed yearly for 5
years. Children exposed to the highest concentration of TCDD showed alterations in
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serum gamma-glutamyltransferase and alanine amino transferase activities when
compared to the control group. The observed abnormalities were slight and
disappeared with time. It was concluded that the acute phase of the TCDD
intaotication passed with no appreciable consequences. However, long-term effects
may still manifest themselves. A cancer registry has been established in the area in
order to monitor the exposed population for many years (2038).

Lymphocytes and fibroblasts obtained from the blood of Seveso residents were
cultured and analyzed for chromosome damage by DeCarli (2040). A higher
frequency of mitotic samples with at least one aberrant cell was found in the TCDD-
exposed individual% when compared to the control population samples. The
significance of this finding is not known; however, based on plant and animal data,
chromosomal damage may prove to be a long-term effect of 2,3,7,8-TCDD exposure
in humars.

63.322 Chonic Tcidcokgic Effects

Chronic effects of TCDD include chloracne, impa.red liver function, altered
blood chemistry, hyperpigmentation and hyperkeratosis, lipid abnormalities, peripheral
neuropathy, and psychiatric disturbances (2079). Other toxic effects are presently
unknown but may be linked to the enzyme-inducing action of TCDD. Three
potential long-term health risks associated with TCDD exposure are chromosome
damage, heart attacks and cancer (2039). Studies designed to investigate these
potential adverse effects are a problem due to the small size of the group exposed.

A clinical study of 436 employees in a 2,4,5-T manufacturing plant was conducted
in order to determine the long-term health effects of chemicals associated with the
production of 2,4,5-T, particularly the 2,3,7,8-TCDD contaminant (2043). Thetest
group included workers involved in the normal processes of Z4,5-T production from
1948 to 1969 as well as workers involved in an accident occurring in 1949. The test
group consisted of 204 exposed, It. - control, and 51 questionable exposure subjects.
Approximately 53% of the exposed group developed chloracne with an association
between the persistence of chloracne and the presence of elastic tissue degeneration
of the skin. The occurrence of ulcers in the upper part of the gastrointestinal tract
was four times higher in the exposed group compared to the control group. A
significant decrease in pulmonary function was shown only in present smokers
exposed to 2,3,7,8-TCDD.

The long-term health effects of chronic 2,3,7,8-TCDD intoxication were also
studied in 55 trichlorophenol production workers exhibiting symptoms between 1965
to 1968 (2044). The first symptoms of intoxication included gradual chloracne
formation, malaise, fatigue, weakness in the lower extremities, and pain under the
right rib cage. The majority of subjects developed chioracne. Other effects included
pathological changes in glucose tolerance, mild liver lesions, peripheral neuron lesions
of the lower extremities, and various psychological disorders. Interestingly, the
severity of illness was not related to the duration of exposure, job status or age. In
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some patients, symptoms became most severe 3 to 4 years following the TCDD
exposure. Patho'agical deviations in lipid metabolism were still present up to 10
years after the exposure in the majority of patients. The patient most severely
affected by 2,3,7,8-TCDD died 2 years after exposure from an unusual type of severe
arterkicrosis of the cerebri, liver, pancreas, and kidneys. Two additional deaths due
to bronc.,ogenic lung carcinoma were reported 2 and 3 years after exposure. No
conclusion on the carcinogenicity of 2,3,7,8-TCDD were made based on the small size
of the test group. One other death due to liver cirrhosis was also reported. No
reproductive or developmental abnormalities were reported in exposed patients or
offspring of exposed patients.

The effect of paternal exposure to 2,3,7,8-TCDD on pregnancy outcome was
investigated by Townsend et al. (2078). Wives of 370 Dow Chemical employees
potentially exposed to TCDD during chlorphenol production were interviewed along
with 345 wives of a control group of employees never exposed to TCDD. Results

L indicated no statistically significant difference in adversepregnancy outcomes in either
group, nor were there any trends in adverse effects with increased duration of
exposure.

lipid abnormalities have been reported in TCDD-exposed workers (2042).
Forty-one subjects exposed to 2,3,7,8-TCDD and diagnosed with chloracne were
compared with 54 subjects working in the same' area and exposed to varying levels of
TCDD but who never developed chloracne. The control group consisted of 120
engineers never exposed to organic chemicals. Mean cholesterol and triglyceride
levels were significantly higher in the two groups exposed to TCDD than in the
control group (p < 0.001). Martin hypothesized that enzyme induction by
2,3,7,8-TODD was responsible for the abnormal lipid concentrations. Elevated serum
cholesterol levels are considered to be one of the major risk factors for ischemic
heart disease. No data were found in the literature on the incidence of heart disease
among 2,3,7,8-TCDD-exposed workers.

The porphyrias are a group of diseases associated with inherited or acquired
disturbances in heme biosynthesis. Porphyria cutaneous tarda (PCT) is a chemically
induced porphyria which consists of a disturbance in normal porphyrin metabolism
due to a decrease in activity in the hepatic enzyme, uroporphyrinogen decarbo.-ylase.
This enzyme is involved in the decarboxylation of uroporphyrinogen to yield
co-proporphyrinogen. Hepatic disease and photosensitivity resulting in the formation
of a vesicular or bullous skin rash and skin fragility is noted with PCT. .Certain1 ! investigatcrs have linked TCDD exposure -ith PCT. However, the majority of
studies including those, involving the Seveso population, have never shown any
association. Jones and ChcLsky (97045) re-evaluated the studies associating
2,3,7,8-TCDD with PCT and found hexachloroberzene present in the environment of
all workers with PCT. Hexachlorobenzene is a known inducer of PCT and was
considered the responsible factor in these patients. Based on this re-evaluation, PCT
is not likely to be a sign of TCDD toxicity as previously believed.

I
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In early 1971, waste by-products from a hexachlorophene and 2,4,5-T production
faclity in South West Missouri were mixed with waste oils and sprayed on roads and
horseback riding arenas to control dust. It was later revealed that this mixture
contained 2,3,7,8-TCDD. The long-term health effect of this population has been
closely followed by many investigators (2238, 2239, 2240).

Stehr et aL (2075) investigated 104 individuals exposed to 2,3,7,8-TCDD in
Missouri for different durations. The high-risk group contained 68 subjects exposed
to 2,3,7,8-TCDD between 1971 and 1993 while the low-risk group contained 36
subjects. No firm indication of increased disease prevalence related to TCDD
exposure was found in this study group. Stehr stressed that although results appear
largely negati-c, no definitive conclusions can be reached since the latency period of
long-term TCDD toxicity is believed to be approzimately 30 years. Further attention
should be focused on potential health effects in the urinary tract, liver, neurological,
and immune systems.

Hoffman et al (2074) also performed a comprehensive examination on 154
exposed and 155 unexposed individuals living in the Quail Run Mobile Home Park in
Missouri. Roads sprayed in this area are believed to be contaminated with the
highest concentrations of 23,7,8-TCDD. TCDD levels ranged from 39 to 1100 ppb.
No significant detrimental health effects were reported in the exposed group. The
exposed population, however, showed a 12% increase in the incidence of anergy (the
lack of response to skin tests for sensitivity to antigens indicating a depression in
immune system operation) in comparison to 1% of the control population. The
exposed group also had an elevated frequency of abnormal T-cells and abnormal
T-cell function. Hoffman coucluded that long term exposure to Z3,7,8-TCDD is
associated with depressed cell-mediated immunity.

Remmer of the American Council on Science and Health (2077) disagrees with
the Quail Run findings and feels statistics reported in the study do not show a clear
connection between liver and immune sysiem deficiencics and TCDD exposure. Also,
differences in socioeconomic levels and in alcohol consumption between the exposed
and unexposed groups were not adequately controlled in the Oulil Run Study.

63.3.3 Level of Cow=

Based on sufficient evidence to conclude that 2,3,7,8-TCDD is a carcinogen in
experimental animals, the USEPA has specified an ambient water qualiy c:iterion for
this compound of zero. In that attainment of a zero concentration level may not be
feasible in some cases, the concentrations of 2,3,7,8-TCDD in water calculated to
result in incremental lifetime cancer risks of IE-05, 1E-06, and IE-07 from ingestion
of both water and contaminated aquatic organisms were estimated to be 1.3E-07,
1.3E-08 and LOE-09 pg/L, respectively (2141). Risk estimates arc exprossed as a
probability of cancer after a lifetime consumption of two liters of water per day and
consumption of 6.5 g per day of fish that have bioaccumulated the compound. Thus,
a risk of IE-05 implies that a lifetime daily consumption of two liters of drinking

J
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water and 6.5 g of fish at the criterion level of 1.3 x 10'4g/L of 2,3,7,8-TCDD would
be expected to produce one excess case of cancer above the normal background
incidence for every 100,000 people exposed. It should be emphasized that these
extrapolations are based on a number of assumptions and should be taken as nrude
estimates of human risk at best.

Based on carcinogenic findings in mice, the USEPA (667) calculated'an upper
lirnit incremental unit cancer risk of 1-56E+05 ([g/kgday)` for 2,3,7,8-TCDD. Tbe

1'cancer risk level in drinking water is 2E-05 jug/L (3742).

IARC (1250) classifies 2,3,7,8-TCDD as a group 2B carcinogen (sufficient
evidence in animals). The USEPA classifies 2,3,7,8-TCDD in the B2 cancer group
(3742).

For noncarcinogeL i; ri4~s, the USEPA (3742) has issued Health Advrisories for
eqxpoures to 2,3,7,8 TCDD in drinking water. For ihort-term exposures, they are
M~-03 14g/L (1 day', and IE-04 p~g/L (10 dzys) for a 10-kg child; for longer-term
exposures, they ar.-,. IE-05 jigfL for a 10-kg child and 4E-0$ Mg/I. for a 70-kg acult.

Neither OSHA (3539) nor the ACGIH (3005) have established exposure criteria
for 2,3,7,8-TCDD.

2,3,7,8-TCDD is classified by IARC (1250) as a group 213 compound based on its
ability to induce tumors in ror~ents. Oral administration resulted in hepatocellular
carcinomas in rats (2046, 2102) ar.j mice~ (2102). Squamous cell carcinomas of the
hard palate, tongue and lung, Ei'd fibrosarcomas have also been reported in rats
(2046,2102) while lymphomas, fibrosarcomas, and thyroid follicular Ce-ll adenomas were
observed in mice (2102). Dermal applcic-tion of 2,3,7,8-TCDD resulted in a
significant increase in fibFrosarcomas in the integumnentary system of female
Swiss-Webster mice, but no carcinogenic response was seen in males (2103).

Human exposure data are inadequate to evaluate carcinogenic effects due to
small study group size and few deaths (204.4, 2043) but an increased incidence in
carcinomas of the stomach has been reported (2034).

2,3,7,8-TCDD has proved to be nongenotoxic in most of tbe short-term tests in
which it has been studied. Conflicting mutagenicity data have been reported for
Salmonella Wbimuiiutn- (2096, 2087, 2088, 2089, 3470) and a weak responwe was seen
in F, coh (2089). Recessive lethal testing in Droscophila (2079, 3863) and dominant
lethal testing in rats (2091) were negative. No sister chromatid exchange or
chromosome aberrations were reported in Chinese hamster ovary ceils (2079, 3235) or
in rats (2031) treated with 2-3,7,8-TCDD, or in the lymphocytes of Rhesus monkeys
fed 25 ppt for four years (3397). Chronic 2,3,7,8-TCDD treatment in rats for 13
weeks produced chromosome breaks in bone marrow cells (2031), bot acute treatment
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did not induce chromosomal aberrations (3447, 3084), sister chromatid exchanges, or
micronuclei in the bone marrow cells of mice treated with a single hepatotoxic dose
(3447). A slight increase in chromosomal aberrations was observed in abortuses from
women who had been exposed to 2,3,7,8-TCDD in Scveso, but the authors feel that
this result is an artifact (3705).

2,3,7,8-TCDD is a potent teratogen, producing cleft palate and cystic kidney in
mice (2028, 2026) and rats (2097). Spontaneous abortions have been reported in
monkeys (2209) while fetotoxic effects were seen in rabbits (2099). A 3-generation
study in rats revealed a disruption of breeding'performance and interference with the
estrous cycle at doses as low as 0.01 mgikg TCDD (2101). Morphclogical alterations
in the female reproductive tract of the rat have also been reported following oral
TCDD treatment (2100).

Toxic effects cf 2,3,7,8-TCDD vary among species with oral LD3. values ranging
from 0.5 ug/kg in the guinea pig to 1157 ug/kg in the hamster (3933). Death is
often delayed for several weeks (1607). Monkeys are extremely sensitive to the toxic
effects of TCDD with a wasting syndrome, alopecia, edema, and gastric ulcer
predominating (2048). Gastric ulceration has also been reported in rats (2080) but
the liver and thymus are usually considered the target organs in rodents (2081, 2083,
2084).

Chronic effects of TCDD include thymus and liver alterations in rats (2046, 2092,
2093, 2095) and guinwa pigs (2032). Hematopoictic involvement has been suggested
in rats (2093) and monkeys (2094).

Chloracne is the characteristic lesion which manifests in individuals exposed to
2,3,7,8-TCDD. Other acute signs of exposure include headaches, fatigue, altered
blood chemistry, gastrointestinal symptoms, and kidney changes (2096, 2210, 2043,
2037, 2211). Effects are asually considered reversible with time. Mortatity analysis of
acutely exposed factory workers was inconclusive (2043); however, one death has
bcen reported following inhalation of 2,3,7,8-TCDD vapor (2034).

Chronic effects of TCDD exposure are similar to those observed following acute
exposure (2043, 2044). A four-fold increase in the incidence' of gastric ulcers has also
been reported (2043). The small size of 3tudy groups and the inability to ascertain
exposure to the pure compound have limited the usefulness 3f most studies (2044,
2039, 2078, 2042, 2238, 2239, 2240, 2075, 2074, 2077). Although the majority of
results appear negative, the latency period for the development of adverse effects is
believed to be approximately 30 years for 2,3,7,8-T-DD (2075).

63.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of 2,3,7,8-TCDD concentrations in soil and water require-
collection of a representative field sample and laboratory analysis. Care is required to
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prevent losses during sample collection and storage. Soil and water szmples should
be collected in glass containers; extraction of samples should be completed within 7
days of sampling and analysis completed within 40 days. In addition to the targeted
samples, quality control samples such as field blanks, duplicates, and spiked matrices
may be specified in the recommended methods.

EPA-approved procedures for the analysis of 2,3,7,8-TCDD in aqueous samples
include EPA Methods 613 (65) and 820 (63). Prior to analysis, samples are
extracted with methylenc chloride as a solvent using a separatory funnel or a
continuous liquid-liquid extractor. The concentrated semple extract is solvent
exchanged into hexane and an aliquot of the hexane extract injected onto a capillary
gas chromatographic (GC) column using a solvent flush technique. The Cy column
is programmed to separate the semi-volatile organics; 2,3,7,8-TCDD is then dete.-ted
with a mass spectrometer. Optimized gas chromatographic conditions have been
reported (3231). Both EPA methods provide for selected column chromatographic
cleanup procedures to aid in the elimination of interferences.

The EPA procedure recommended for 2,3,7,8-TCDD analysis in soil and waste
samples, Method 8280 (63), differs from the aqueous procedures primarily in the
preparation cf the sample extract. Solid samples are extracted with methanol/
petroleum ether using a wrist-action shaker for two hours. Neat and diluted organic
liquid may be analyzed by direct injection. The selected colua= chromatographic
cleanup procedure is also applicable to these sample extracts.

Typical 2,3,7,8-TCDD detection limits tha' can be obtained in aqueous samples
are 2 ng/L (Method 613) or 0.4 ng/L (Method 8280). Detection limits in non-
aqueous sanmples are about 0.2 ng/g (Method 8280). The actual detection limit
achieved in a given analysis will vary with instrument sensitivity and matrix effects.
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CThi6LEX MIXTURES

This chapter deals with a comp!ex mixture and/or class of compounds. The format used
for this less well-defined group of compounds was modified as necessary but follows the outline
of earlier chapters as closely as possible. It should be noted, however, that the composition of
these materials can vary according to the route of synthesis, the formulating ingrodients added,
the interactions of the active ingredients, or the storage conditions These factors can influencc
the nature of the material that is ultimately utilized and probably are reflectod in many of the
experimental findings reported in the following chapters.

The typical components and approximatz composition of the mixtures are provided if
that information was available. Physical/chemical properties often were not available or varied
depending on formulation. Many of these mixtures are blended to modify their physical
properties according to the intended use. Furthermore, the formulations vary with season as
well as with geographic locations of product use. In some cases, therefore, the 'range for the
class of compounds was given.

In addition to the data for the mixture itself, the chapter that follows also containm
sections on the principal components and major additives of the mixture, their fate in the
environment and a brief overview of their toxicity.
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CHEMICAL COMPOSITION:
Approximate Composition:

*Alkanes 61.0%
Cycloallmnes 29.0%
Alybelzwe4 &0%
Indansltetrai 1.1%

*Naphthalenes. 0.0* <1%

Various sources typically report that hydrocarbon mixtures
are incompatible with strong acids, alkalis, and strong
oxidizers such as liquid chlorine and oxygen. The NFPA
reports vigorous reactions, ignition, or explrsions involving

a"' chlorine, fluorine, or magnesium perchiorate. Jet fuelso are
considered to be miscellaneous combusti'bl- or flammable

*REACTIVITY mat-.rials for compatibl' classification purposes. Such
su~bstances typically evolve heat, fire, and toxic or
flammable gaCses in reactions with oxidizing mineral acids,
organic peroxides or hydroperoxides, or strong oxidizing
agents.(505,507,5 11).

* Physical State: Liquid (at 20*C) (60)
0 Color: Colorless to light brown (60)
0 Odor: Fuel-oil (60)
0 Odor Threshold: 1 ppm (60)
0 Density: 0.7500 g/nlL (at 20*C) (1934)
0 Freeze/Melt Point: -72.00'C (1933)
* Boiling Point: 60.00 to 270.00*C (1933)

PRYSJCO- * Flash Point: -23.00 to -1.00CC
CHEMICAL closed cup; -29*C (23,51,60,1934)

DATA * Flammable limits: 1.30 to 8.00%
byvolume (60,506)

* Autoignition Temp.: 240.0 to 242.0TC (23,51,60,506)
0 'Vapor Pressure: 9.10E+01 mm Hg

(at 20*) (1934)
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* Satd. Conc. in Air:. 6.6000E+05 (ADL estim)
mg/re' (at 20•C)

* Solubility in Water: 300 mg/L (2251)
(at 20rC)

* Viscosity- 0.829 cp (at 21°C) (60)
* Surface Tension: 2.5000E+01 (60)

dyne/cm (estim) (at 20'C)
* Log (Octanol-Water Partition

PHYSICO- Coeff.): 3.00 to 7.00. Range (See Table 64-4)
CHEMICAL for typical components

DATA * Soil Adsorp. Coeff.: 2.40E+02 (See Table 64-4)
(Cont.) to 5.OOE+06 (range for typical

components)
* Henry's Law Const.: 1.00E-04 (See Table 64-4).

to 1.00E+01 atm. m'/moL Range
for typical components

0 Bioconc. Factor: 5.OOE+01 to (ADL estim)
5.OOE+05 (range for typical
components)

JP-4 hydrocarbons are expected to be relatively mobile
and non-persistent in most soil systems. Persistence in
deep soils and groundwater may be higher. Volatiliza-
tion, photooxidation and biodegradation are important
fate processes. Surface spills are expected to be
weathered by evaporation and photooxidation. Down-

PERSISTENCE ward migration of weathered JP-4 surface spills and
IN THE SOIL- sub-surface discharges represent a potential threat to

WATER underlying groundwater. Biodegradation of JP-4 hydro-
SYSTEM carbons is expected to be significant under environ-

mental conditions favorable to microbial oxidaticn;
naturally-occcurring, hydrocarbon-degrading micro-
organisms have been isolated from polluted soils and, to
a lesser extent, non-polluted soils.

-=3_______Tk 7. _,:_777
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The primary pathway of concern from the L-ail/ground-
water system is the contamination of groundwater
drinking water supplies by JP-4 from leaking storage

PATHWAYS tanks or large spills. Vapors from leaked or spilled fuel
OF may diffuse through soils and migrate into structures,

EXPOSURE resulting in inhalation exposures. Inhalation exposure
may also occur from the direct volatilization of spills,
and in some instances, aircraft fuel jettisoning may result
in the contamination of -urface water and agricultural
land, leading to ingestion with water or food.

Signs and Symptoms of Short-term Human Exposure:
(60, 1932)
Short-term expciure to high vapor levels can cause
irritation of the respiratory tract, headaches, nausea, and
mental confusion. In extreme cases, loss of
consciousness can occur. Ingestion is irritating to the
stomach. Aspiration of the liquid into the lungs can give
rise to chemical pneumonitis. The liquid may cause
defatting, drying and irritation of the skin. Both the
vapor and the liquid arc irritating to the eyes.

/

Acute Toxicity Studis:
HEALTH
HAZARD ORAL-

DATA No Data

SKIN:
No data

INHALATION:
No data

Long-Term Effects: liver and kidney damage (animal),
neu rloical damage (human)
Eregnanry/Neonate Data: No data
Geno:oxicity Data: Limited data aie negative
Carcinogenicity Classification:
IARC - No data
NTP - No data
EPA - No data
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No specific respirator guidelines were found for JP-4.
The following guidelines arc for kerosene with a boiling
range of 175-325°C * Less than or equal to 1000
mg/m': chemical cartridge respirator with half-mask
facepiece and organic vapor cartridge or supplied-air
respirator with half-mask facepiece operated in demand

HANDLING mode 0 1000-5000 mg//m: gas mask with full facepiece
PRECAUTIONS and organic canister; supplied- air respirator with full

(1967) facepiecc or self-contained breathing apparatus with full
facepiece operated in demand mode a Appropriate
protective clothing including gloves, aprons and boots
, Chemical goggles if there is probability of eye
contact.

ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA

AIR EXPOSURE LIMITS:

Standards
* OSHA TWA (8-hr): petroleum distillates (naphtha) 400 ppm
* AFOSH PEL (8-hr TWA): petroleum distillates (naphtha) 400 ppm; STEL

(15-rain): 500 ppm

Criteria
* NIOSH IDLH (30-min): petroleum distillates (naphtha) - 10,000 ppm;

ga.soline - none established
* ACGIH TLV0 (S-hr TWA): petroleum distillates (naphtha) - none

established; gasoline - 300 ppm
* ACGIH STEL (15-min): petroleum distillates (naphtha) - none established;

gasoline - 5,00 ppm

/T
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REGULATORY STATUS (as of 01-MAR-89)

ProMulgated Regulatioms
, Federal Programs

clean Watet Act (CWA)
Oil and grease are designated conventional pollutants under the CWA
(351). EMucnt limitations for oil and grease erist in almost all point
source categories under the general pretreatment reg$ulations for new
and existing sources, and effluent limitations and guidelines.
Limitations vary depending on the industry (3763).

Marine Protection Research and Sanctuaries Act (MPRSA)
Ocean dumping of organohalogen compounds as well as the dumping
of known or suspected carcinogens, mutagens or teratogens is
prohibited except whcn they are present as trace contaminants. Permit
applicants are exempt from these regulations if they can demonstrate
that such chemical constituents are non-toxic and non-bioaccumula~ive
in the marine environment or are rapidly rendered harmless by
physical, chen;.,cal or biological processes in the sea (309).

T: 1'1 Occupatior.dl Safetv and Health Act (OSHA)
Employee exposure to petroleurm distillates (naphtha) shall not exceed
an 8-hour time-weighted average (TW.) of 400 ppm (3539).

Hazardous Materials Transportation Act (HMTA)["' The Department of Transportation has designated aviation fuel as a
hazardous naterial which is subject to requirements for packaging,
labeling and transportation (306).

- State Water Programs
ALLLSTATES
"All states have adopted EPA Ambient Water Quality Criteria andI NPDWRs (see Water Exposure Limits section) as their promulgated
state regulations, either by narrative reference or by relisting the
specific numeric criteria. These states have promulgated additional or
more stringent criteria:

Alaska has an aquatic life criterion of 15 pg/L for total hydrocarbons

" and 10 pg/L for total aromatic hydrocarbons in fresh and marine
Ssurfae waters (3016).

ARKANSAS
Arkansas requires that oil and grecysih, shall not exceed 10 mgi.,average
Sor 15 mgL maximum when discharging to surface waters (3537).
or1 g/ a-mmw
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FLORIDA

Florida requires that oil and grease not exceed 10 mg/L in Class V
waters (navigation, industrial use) and 5 mg/L for all other surface
waters (3220).

MASSAMHUS-$F
Musachusettq requires that the maximum discharge concentration of
oil and grease of petroleum origin not exceed 15 mg/. in surface
watem (.3432).

NEBRASA

Nebraska requires that petroleum oils not exceed 10 mg/L in surface
waters (3719).

NEW YORK
New York h&s set a maximum contaminant level of 50 Mg/L for
kerosene im drinking water (3501).

SOUTH DAKOTA
South Dakota has a water quality standard of 10 mg/L for all
petroleum produ.ts in surface waters (3672).

VMTGTA
Virginia has a water quality standard of 1 mg/L for petroleum
hydrocarbons in ground-waier (3135).

Wyoming has a water quality standard of 10 mg/L for surface waters
and Class I1 and fiT ground-waters. In addition, Class I domestic
ground-water is required to be virtually free of oil and grease (3853,

VýI 3852).

Pr2ms-d Rezulations
• I ederal Programs

No federal regul.tions are pending.

0 State Water Programs
No state regulations are pending.

MOST STATES
Most states are in the proces of rcvising their water programs and
proposing changes to their regulations which will follow EPA's
regL..ations when they become final. Contact with the siate officer is
advised. Changes are projected for 1989-90 (3683).
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,•.: EEC Directives

Ljrectivc on Fishin& Water Quati (536)
Petroleum products mst &nvt be present in salmonid and cyprinid
waters in such quantities that they: (1) form a visible film on the
surface of the water or form coatings on the beds of water-courses and
lakes, (2) impart a detectable 'hydrocarbon* taste to fish and, (3)
produce harmful effects in fish.

Directive on the Oualitv Required of Shellfh Waters (537)
The mandatory specifications for petroleum hydrocarbons specify that
they may not be present in shellfish water in such quantities as to
produce a visible film on the surface of the water and/or a deposit on
the shellfish which has harmful effects on the shellfish.

Directive on ground-Water (538)
Direct discharge into ground-water (iLe., without percolation through
the ground or subsol) of organophosphorous compounds,
organohalogen compounds and substances which may form such

"mpounds in the aquatic environment, substances which possess
carcinogenic, mutagenic or teratogenic properties in or via the aquatic
environment and mineral oils and hydrocarbons is prohibited.
Appropriate measures deemed necessary to prevent indirect discha-ge
into ground-water (i.e., via percolation through ground or subsoil) of
these substances shall be taken by member countries.

Uirective on Toxic and Dangerous Wastes (542)
Any installation, establishment, or undertaking which produces, holds
and/or disposes of certain toxic and dangerous wastes including phenols
and phenol compounids; organic-halogen compounds; chrome
'compounds; lead compounds; cyanides; ethers and aromatic polycyclic
compounds (with carcinogenic effects) shall keep a record of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used for disposing of such
waste.

Directive on the Discharze of Dangerous Substances (535)
Organchalogens, organophosphates, petroleum hydrocarbons,
carcinogens or substances which have a deleterious effect on the taste
and/or odor of human food derived from aquatic environments cannot
be discharged into inland surface waters, territorial waters or internal
coastal waters without prior authorization from member countries

%' •which issue emission standards. A system of zero- emission applies to
discharge of these substances into ground-water.
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64.1 MAJOR US•S AND CX)MPOSITION

64.1.1 Major Uses

Jet Fuel 4 (JP-4) is a turbine 'engine fuel used exdusively by the U.S. Air Force;
it constitutes 85% of the turbine fuels used by the Department of Defense (1933).

64.1.2 C4ampoition

Jet fuel petroleum products are made by blending various proportions of distillate
stocks, such as naphtha, gasoline and kerosene to meet military and commercial
specifications. Most of the available characterization data (e.g., military specilications)
address gross performance properties. There is considerable variability in the
concentration of major components, as well as in the performanc,ý characteristics, of
JP.4 fuel derived from different crude oil supplies (1843, 2246, 2247, ;251). In
general, the reported distillation range for JP-4 fuel is approximately 140*C to 270 °C
(1844); most of the hydrocar•ons fall in the range of C4 to C4. A typical JP-4
composit;2i expressed as percent volume by compound category has been reported
(1845) to be: paraffins (61%), monocycloparaffins (24%), dicycloparaffins (5%),
alkylbenzenes (8%), indans and tetralins (1%) and naphthalenes (<1%). JP-4 fuel
may contain olefinic hydrocarbons up to 5% (volume) and total sulfur up to 0.4%
(weight) (1844).

The individual major components of JP-4 representing at least C 1% by weight
have been characterized by several authors (1822, 1845) and account for
approximately 70-75% by weight of the fuel. The approximate distribution of the
major components by compound category is: n.alkanes, 32%; branched alkanes, 31%;
cycloalkanes, 16%; benzenes and alkylbenzenes, 18%; and naphthalenes, 3% (1846).
Table 64-1 presents detailed data on the specific hydrocarbon composition of one
JP-4 fuel.

Although they are generally considered minor components, there are many
non-hydrocarbons present in petroleum-derived distillates. In general, these become
major concerns in the heavy distillates and resiuids (almost 70% of total composition
in heavy oils) and are much less important compont"nts in middle distillates, such as
JP-4. Sulfur compounds represent the largest class of non-hydrocarbons found in
petroleum; this group might include aliphatic and aromatic compounds, such as thiols,

sulfides, disulfides, and thiophenes, as well as elemental sulfur, hydrogen sulfide, and
carbon sulfide. The majority of crude oils have low oxygen content. Most of the
oxygen is in the form of fatty acids and acids with aromatic functional groups; smaller
contributions come from alcohols, ketones, esters, fluorenones, furans, ,dibenzofurans,
and benzonaphthofurans. The level of nitrogen compounds is generally less than
0.1%, but may be higher (0.5-15%) in heavy distillatei and residues. Nitrogen
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TABLE 64-1

MAJOR COMPONENTS OF ONE IP-4 SAMPLE

Percent

n-Butane 0.12
Isobutane 0.66
n-?entane 1.06
Z2-Dim,-thylbutane 0.10
2-Metbylpentane 1.28
3-Metbylpentane 0.99
n-Hexane 2211
Methylcyclopentane, 1.16
2,2-Diniethylpentane 0.25
Benzene 0.50
Cyclohexane 1.24
2-Methylhexane 2133

*3-Methylhexane 1.97
trans-2,3-Dimethyleyclopertane 0.36
cis- 1,3-Dimethylcy-Iopentane 0.34
cis- 1,2-Dirnethylcyclopentane 0!f i
n-Heptane 3.67
Methylcyclohexane 2.27
2,2,3,3-Tetrarnethylbutane 0.24

*Ethyk-~lopentane 0.26
2,5-Dixnethylhexane 0.37
2,4-Dimethylhexane 0.58
1 .2,4-Trimethylcyclopentane 0.25
3,3-Dimethylhexane 0.26
1,2.3-Trirnethylcyclopentane 0.25
Toluene 1.33
2,2,-Dintethylhexane 0.71
2-Methytheptane 2.70
4-Mecthylheptane 0.92
cis- 1,3-Dime thyleyclohexa ne 0.42
3-Methylheptane 3.04
I-Methyl-3-ethylcyclohexane 0.17
1-Methyl-2-ethylcyclobexanc 0.39
Dimethylcyclohexane 0.43
n-Octane 3.80
I ,3.5-Trimethylcyclohexane 0.99
1,1 3-Tfimethylcyclohe;;anc 0.48

Source: 1845
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TABLE 64-1 (Cont.)

Percent
Fug) Comnonent byWeight

2,5-Dimetbylheptane .0.52
Ethylbenzcne 0.37
m-Xylene 0.96
pI-Xylene 0.35
3,4-Dimetbyllieptane 0.43
4,Etbylheptane 0.18
4-Metbyloctane 0.86
2-Methyloctane 0.88
3-Metbyloctane 0.79
o-Xylene 1.01
I-Metbyl-4-ettylcyclohexanc 0.48
n-Nonane 2.25
JIsopropylbenzecne 0.30
n-Propylbenzene , 0.71
I-Methyl-3-ethylbeazene 0.49
I-Metbyl-4-ethylbenzene 0.43
1,3,5-Trimethylbenzene 0.42
I -Methyl-2--etbylbenzene 0.23
1,24-Trimethyibenzene 1.01

4 .n-Decane 2.16
n-Butylcyclobexane 0.70
1 ,3-Dietbylbienzene 0.46
1.Methyl4-propylbenzene 0.40.
I ,3-Dimethyl-5-ethylbcn~zene 0.61
I-Methyl-2-isopropylbenzene 0.29
1 ,4-Dimethyl.2-ethyiben~zene 0.70,
1,2-Dimethyl-4-ethylbenzene 0.'77
n-Undecane 2.32
1,23,4-Tetrarncthylbenzene 0.75
Naphthalene 0.50
2-Metbylundecne 0.64
n-Dodecane 2.00

2.6-Dimethylundec-ane 0.71
2-Methylnaphtbalene 0,56
I.Methylnaphthaiene 3.78
n-Tridecane 1.52
2,6-Dimetbylnaphtbalene 0.25
n-Tetradecane 0.73

Source: 1845,
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compounds that may be present in petroleum fuels, particularly in heavier distillates
than JP.4, include pyridines, quinolines, acridines, amines, pyrroles, indoles and
cwarbaz (I48W).

In addition to the aEphatic/aromatic hydrocarbon content and 'i.ze N-containing,
O-containing and S-containing species, .JP4 distillate fuel may also conmain trace
inorganic elements. All metals through atomic number 42, except rub;dium and
niobium, have been fo,.nd in petroleum. Generally, the concentrations are quite low;
the most prevalent metals are nickel hnd vanadium (1848). Table 64-2 presents the
results of an analysis of the trace elements in one JP-4 fuel sanple. The JP-4
concentration of these elements is expected to vary from one crude oil source to
another.

Actual stocks of JP.4 fuel may also contain a number of additives used as
anti-oxidants, metal deactivators, corrosion or icing inhibitors, or electrical conductivity
agents. A list of some of the chemicals that may be u" for these purpknes is
provided in Table 64-3. The composition of .IP-4, particularly older stocks, may also
vary due to contaminants from the storage container. In addition, microbes can be
anticipated to grow well on these hydrocarbons; bacterial and/or fungal contamination
may also affect the comprsition of JP.4 stocks.

64.2 ENVIRONMNTAL FATE AND CXPOSURE PATHWAYS

,For the p,•rposes of this chapter, the discussions of the environmental behavior
of JP-4 will be limited to a discussion of the major components; the environmental
behavior of the trace elements and the many diverse additives will not specifically be.
addressed.

Transport and transformation of individual JP-4 constituents will vary depending
on the physicochemical (and biolcoical) properties of the constituents. Some
constituents will dissolve more quickly (in percolating ground-waters), be sorbed less
strongly on soils (thus being transported more rapidly), and may be more or less
susceptible to degradation by chemical or biological action. Thus, the relative

concentrations of the constituents of the fuel will vary with time and distance from
the site of initial contzminat.3n. This effect is called "weathering." (This term is also
used to describe the changes to oil followiig spills into surface waters where film

' spreading and breakujp, and differential volatilization, dissolution and degradation all
are involved.)

f : I•

I, •'
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TABLE 64-2
CONTENT OF TRACE ELEMENT'S IN ONE SAMAPLE OF

PETROLEUM-DERIVED J-

Parts per Million
Trace Element By Weight

A] NA*
Sb <0.5
As 0.5
Be NA
Cd -.0.03
Ca NA
C! NA
Cr <0.05
Co NA
CU <0.05
Fe <0.05
Pb 0.09
Mg NA
Mn NA
Hg <1
Mo NA
Ni <0.05
Se <0.3
Si NA
Ag NA
Na NA
Sr NA

Th NA
Sn NA
Ti NA
V <10.05
Zn <0.05

Source: 1843

a) NA indicates data not available
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TABLE 64-3
ADDITIVE COMPOUNDS APPROVED FOR USE IN MIUTARY IP-4 FUEL

Antioxidants (�24 m�ItX

2-6.di-t-butylphenol
2-6-di-t-butyl-4-methylphenol
6-t-butyl-2,4-dimethylph:iA
Other alkyl phenols (monoditri; inetbyl, ethyl, isopropyl,

t-butyl)
�* NN' -di-sec-butyl-pphenylenediamine'

Metal Deactivators (<5.8 m

'�, �. NN '-disaIicylid�ne-1,2-propa�ediamine
NN'-disalicylidene-1,2-cyclohexanediamine
NN 'disalicylidene-1,2-ethanediamine

Corrosion inhibitors

MIL-I-25017/QPL-25017 1

Amine carboxylates (5-20 ppm)b: (RCOO) NIISR' ), R =
Ethylene diamine diiionyl naphthalene su1fonate�c

Icing Inhibitor�

MTL-I-27686'
Carboxylates (40-150 ppm)b: RCOO, R =

C1-C, alcoholsc
Diniethylfor�marnidee
Aznmcnit.m dinonylnaphthalenee

Electrical Conductivity Additive8

ASA-3 (Shell Chemical Co., Houston. TX)

a) Reference 1844
b) Reference 1847
c) Reference 1824

L ______ ____________________
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64.2-1 Tramnpt in Solrarornd-water Systems

64.21.1 Fuium Partitioning Model

In general, soillground-water transport pathways for low concentrations of
pollutants in soil can be assessed by using an equilibrium partitioning model. For the
purposes of assessing *he environmental transport of JP-4 fuel, a group of specific
hydrocarbons was selcted from the dominant .JP-4 hydrocarbon classes, i.e., alkanes,
cycloalkanes, and alkylbenzenes. These specific compounds were chosen on the basis
of their relatively high concentrations in JP-.4 and span the boiling point range of the
JP-4 hydrocarbons. Table 64-4 lists the hydrocarbons that were selected and presents
the predicted partitioning of low soil concentrations of those hydrocarbons among soil
particles, soil water, and soil air. The portions associated with the water and air
phases of the soil are expected to have higher mobility than the adsorbed portion.

Estimates for the unsaturated topsoil indicate that sorption is expected to be an
important process for all the dominant hydrocaruon categories. Partitioning to the
soil-vapor phase is also expected to be important for the lower molecular weight
aliphatic hydrocarbons (C4 - CQ), which are characterized by high vapor pressures and
low water solubility. The alkyl benzenes have higher water solubilities and transport
with infiltrating water may be important for these compounds; volatilization, on the
other hand, may be less important. In saturated, deep soils (containing no soil air
and negligible soil organic carbon', a significant percent of both aliphatic (particularly
less than C,) and aromatic hydrocarbons is predicted to be present in the soil-water
phase' and available for transport with ilowing ground-water.

In interpreting these resul;, it must be remembered that this model is valid only
for low soil concentrations (below aqueous solubility) of the compon-nts. Large
releases of IP-4 (spills, leaking underground storage tanks) may exceed the sorptive
capacity of the soil, thereby filling the pore spaces of the soil with the fuel. In this
situation, the hydrocarbon mixture would move as a bulk fluid and the equilibrium
partitioning model would not be applicable.

Overall, ground-water underlying soil contaminated with JP-4 hydrocarbons is
expected to be vulnerable to contamination by at least some of these components.
The type of spill (surface vs. sub-su. face) is of particular importance, since
volatilization from the surface is expected to be a significant removal proces, s for low
molecular weight aliphatics. At this point, it should be mentioned that environmental
fate/exposure/toxicology chapters for sevcral of the components ;n Table 64-4 were
included in other sections of the 'RP Toxicology Guide. The JP-4 components
addressed in other sections i'iclude: benzene, toluene, xylenes, ethyl benzene, and
naphthalene.

777
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64.2.1.2 Transport Studies

Due to the extensive use of JP-4 and other aviation fuels and their potential for
environmental release during use, storage or transport, several groups have addressed
its fate. The fate of JP-4 in the soil environment is basically a funcion of the
solubility, volatility, sorption, and degradation of its major components. The relative
importance of each of these processes is influenced by the type of contamination
(e.g., surface spill vs. underground release, major vs. minor quantity), soil type (e.g.,
organic content, previous history of soil contamination), and environmental conditions
(e.g., pH, temperature, oxygen content).

Transport processes have been shown to be more significant than transformation
processes in determining the initial fate of petroleum hydrocarbons released to
soil/ground-water systems (1845, 1848, 1846). For JP-4 released to surface soils or
waters, transport to the atmosphere through volatilization has been shown to be the
primary fate pathway for most of the JP-4 hydrocarbons; subsequent atmospheric
photolysis is expected to be rapid (1845). Using a model fuel mixture containiig
approximately fifteen compounds representative of major JP-4 hydrocarbons, Spain et
al. (1846) demonstrated that compounds having up to nine carbons are weathered
almost exclusively by evaporation; larger compounds were weathered primarily by
evaporation and biodegradation; dimethylnaphtha!ene and highly substituted aromatics
"(>q,) were shown to be persistent in these tests. Reduced temperatures tend to
increase JP.4 persistence by retarding the rates of volatilization and biodegradation
(1846, 1822).

Compared with the marine environment, infiltration into porous soils slows the
evaporative loss of volatile hydrocarbons. McGill et al. (2267) concluded that up to
20-40% of crude oils may volatilize from soils. Elevated temperatures, lateral
spreading and adsorption onto surface vegetation may faczilitate Levaporation at such
levels. Volatilization of JP-4 components is expected to be n.cre extensive than
volatilization of crude oils. Purging of the water soluble fraction of JP-4 fuel with
nitrogen and air demonstrated a rapid loss of JP-4 hydrocarbons (80% loss in 2
minutes) (2250).

Under conditions of limited volatilization (low temperatures, subsurface release
or concentrated spill), downward migration into the soil and to the ground.-water may
be important. Several authors (1811, 2243, 2252) have reported that oil substances
released in significant quantities to soils result in a separate organic phase that moves
downward through the unsaturated zone to the less p.rrmeable layet, the soil/ground-
water boundary, where they tend to accumulate and s, aorizcntally. The organic
layer floats on the ground-' water and is carried ir, the gL:.. :1 direct.*en of ground-
water flow. At the oil-water interface, some hydrocarbons are leached according to
their aqueous solubility. The pattern of migration of the hydrocarbon phase may be
very different from that of the ground-water. Due to fluctuations in ground-water
elevation, over time the organic layer on top of the aquifer may be transported into
several zones where the components occur in !he gaseous phase (able to diffuse in all

\ , .. ,
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directions, including upward), liqui i phase (adsorbed onto rock particles or sealed
under water) or dissolved/emulsified in water (1811).

Migration through soils may be retarded to some extent by sorption. In general,
sorption of aviation kerosene on soils has been reported to be weak. Migration is
expweatd to be fastest through previously contaminated soils where the sorptive sites
may be unavailable; on the other hand, soil-water content increases soiption and
slows migration of JP-4 hydrocarbons. Sorption may also aher the availability of
hydrocarbons for biodegradation and other weathering processes (1846, 1811, 2248).

The migration of JP-4 hydrocarbons in twsured rock is much less uniform than in
porous soils. Preferential spreading through crevices may occur, sometimes changing
the direction of flow. Determination of the potential ground-water contamination in
fissured rock is thus very difficult (1811).

Sediment-water sorpt'on studies (2248) were performed on jet fuel dissolved in
water, 3 sediments and 3 clays were utilized. The observed adsorption ccnstants were
small compared to those of other non-polar organics. For the individual JP-4
components the magnitude of the adsorption constant is dependent on the size and
complexity of the hydrocarbon, and bears an inverse relationship to its aqueous
solubility. The nature of adsorbent was important (non-swelling clays were reported
to be poor adsorbents compared :o sediments), but the organic carbon content

exhibited only a casual relationship to adsorbent ability Temperature and pH did not
have an important effect over naturally occurring ranges: increasing salinity produced
a small increase in hydrocarbon adsorption. Reversible adsorption was observed in
experiments with benzenes and naphthalenes; strong sorbent-sorbate bonding
(chemisorption) does not occur with light hydrocarbons found in JP4 fuel.

In the vicinity of Prague airport (1811), release of aviation kerosene (similar to
JP-4) resulted in extensive soil/ground-water contamination. The petroleum
hydrocarbons spread as a separ-te organic phase as well as dissolved contaminants in
the aquifer. In porous fcrm,-ions, pollution caused by the oil phase extendeo tens of
hundreds of meters, while '.e contamination ficm dissolved hydrocarbons extended
hundreds to thousands ri meters. Within five months, a 1-rn thick layer of oil
"extended 700 m by 200 m on the surface of the ground-water aquifer: an area of
15 km' was polluted by the dissolved hydrocarbons.

The transport of JP-4 contamination to ground-water aquifers and subsequent
dissolution of JP-4 hydrocarbons in ground-water have been discussed in several
papers (1811, 1845, 2245, 2241, 1849). Crude oil and petroleum products have been
shown to produce qualitatively similar water-solubie fractions (1849, 2241, 2248,
2250). The water-soluble portion of JP-4 distillate fractions were shown to be almost
entirely aromatic (87-99%) even though the distillate fuels themselves were higly
aliphatic in nature. The aliphat:c hydrocarbons either volatilized (<Cu) or were
essentially not water soluble (>C,). In deep, saturated soils with no soil-air, some
low molecular weight aliphatics may be transported a3d dissolved in ground-water.
Table 64-5 prese-ts fuel-water partition coefficients for some JP-4 hydrocarbons; the
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data support the observation that the bght aromatics represent the greatest threat to
"contamination of ground-. ater supplies. In gencral, a decreasing dcgrec of
petroleum contamination •as been observed over time in the absence of further
aquifer pollution; some removal due to sorption onto* rock particles and degradation
by microorganisms is sus ted (2244, 2243, 2255).

In summary, the physical distribution of .P.4 contarnination affecu, its impact on,
and removal from, the sot environmenL Lateral spriading along the surface
increases the contaminatcl area while facilitating evaporative removal of the low
molecular weight hydrocarbons. Subsurface rclease or vertical penetration mediated
by gravitation and capillary forces decreases evaporation, reduces the importance of
transformation pathways (see below), ard may lead to ground-water contamination.

6422 Transformation P79x7cs in Sog-Ground-wat" Systems

6422.1 C'•ink*J TratxformAtk

Photooxidation has been reported to play a s;gnificant role in the chemical
degradation of pctrolc,.m hydrocarxbns in the environment (18A5, 184, 2252, 2259).
Aikanes, benzenes, and m no-substituted benzenes have been shown to be rclativcly
resLtant to photoly•.is in a• ucous systems; xylencs photolyvzcd slowly while
trisul0tituted berh&-zncs anc naphthalenes photolzcd at rates competitive with
volatilization (1845). Pcnetration of oil below the soil surface limits expioure to solar
radiationi while extensive h teral spreading of oil ove impermeable or rocky surfaccs
may promote substantial p'otooxidative degrdation.

The otygenated prodilcts of photooxidation are generally more water-soluble than
the paren: hydrocartbxn ai"d are thus more likely to be leached from soil; cnhanccd
toxicity of the oxygenated hydrocarbons has al.o been obscmred (2248, 2252). Larson
et al. (22640) have re-porteA that in marine environmcnts weathering of crude oiLs
resulted in dcAreased growth of rlgai.

64=222 BiokVp'.ai Dcgra ,kon

Natural em.e have considerable exposure to petroleum hydrocarbonm from
naiural cmiý;sions, sccidcnwal contamination through oil spills and storage tank leaks.
and deliberate application to land ir. land.farming ww.te 1i.sx'Kal activ-ietc: thcrdcorc,
their bhixegridation ii of dnvironmtntal impxrtance. Numcrous authors have
observed the bixlera, Atiof of petroleum hydrocarbons, and several extensive re,,'ies
and *reports are avallabhe (iW4(, 2252, 22-55, 2249, 2253). yIvdrcxarb.n degraJing
bacteria and fungi are widely distributed in marine, freshwater, and soil environm•ent.s.
As reported in the review by Atlas (2255), an exten5ive and diverme group of bacteria
and'fungi have be-n showyi to have the ability to dcgTade petroleum hydrocarNtns.

I .
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TABLE 64-5
JP-4 FUEL-WATER PARTTION COEFFICIENTS (K.)

FOR SELECTED HYDROCAR3ONS'

Compoun LINsl

Methylcyclopentane 4.97
Benzene 3.39
Cyclobcxane 4.69
2.Methylhexane 5.57
3-MethyU-exane 5.56
n-Heptane 5.50
Methylcyclohcxane 4.87
Toluene 3.44
n-Octane 5,9
Etbylbenzene 3.68
m-Xylene 3.57
p-Xylere 3.88
o-Xylene 3.85
! .2,4-Trimethylb cnzene 3.95
Iopropylb..nzene 4.25
Naphthalene 3.88
2-Metnylnaphthalene 4.35
I-Methylnaphthalene 4.67

a) Reference 1845
b) K4. - (concentration of chemical in fuel) + wrncentration of chemical in water)

at equilibrium, T - 20"C. Fuel-water ratio - 1:1000.

The qualitative hydrcxarbon content of petroleum mixtures largely determines
their degiadabiliry. In general, microorganisms exhibit decreasing ability to degrade
aliphatic hydrocarbons with increaing chain length: however, Haines and Alexander
(2254) alx*.ied that n-alkanes up to C,4 were metabo!ized. n.Alkanes are considered
more esily bicdegraded than branched or cycliL a'kanes; aromatics are generally mo•re
rapidly biodegra'cd than alkancs.

The relative biodegradation su.sctptibility of petroleum hydrocarbons has been
summarized in a review by Bossert and Bartha (2252): n-alkanes, n-alkylaromaticS.
wod aromatics of the C, - C. range are the mrt readily biodegradable; n-alkancs.

alkylaromatics, and aromatics in the C- C, range are biodegradable at low
concentrations by svame microcorganisms but are removed by volatilization and
unavailable for biodegradation in most environments; n-alkanes in the Ci, C, range
are biodegradable by only a narrow range of %pocialized hydrocarbon degraders; and
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n-alkanes, alkylaromatics, and aromatics above Cm are generally not available to
degrading microorganisms. Hydrocarbons with condensed ring structures, such as
polycyclic aromatic hydrocarbons, have been shown to be relatively resistant to
biodegradation. The bio,cgradabibty of ome hydrocarbons may be enhanced when
present in petroleum mixtures.

Fatty acids and long chbin n-alkanre not originally present in weathered
petroleum samples have been observed after biodegradation; generation of tar balls,
which are quite resistant to microbial degradation, has also been reported (2252,
2255, 2257, 2258). Therefore, enhanced solubiliza'ion or sorption of some metabolic
intermediates (some of which may be more toxic than the original hydrocarbons) may
be significant in the sod environment (2249).

Although the mic.nbiota of most non-contaminatM soils include many naturally
occurring hydrocarbon-degrading populations, the addition of petroleum selctively
enriches that sector able to adapt and utilize the new substrate. The available review
articles (citing laboratory studie and feld studies) confirm that the distribution of
hydrocarbon-utilizing microorganisms -cflccts the historical exposure of the
environment to hydrocarbons (2252, 2255, 2257, 2249). In unpolluted ecosystems,
hydrocarbon utilizers generally constitute ess than 0.1% of the microbial community;
in oil-polluted ecosystems, they can constitute up to 100% of the viable
microorganisms (2255). Walker et al. (2257) reported that all classes of petroleum
hydrocarbons were degraded by microorganisms in an oil-exposed sediment but not in
a similar unexposed sediment.

Biodegradability has been shown to be related to JP-4 hydrocarbon
concentrations. When concentrations are too low, biodegradation may cease.
However, at high concentrations the components or their metabolic intermediates may
be toxic arid inhibit degradation (2249). Biodegradation of petroleum hydrocarbons
haJ also been shown to be dependent on other environmnental factors including:
temperature, oxygen and moisture, nutrients, salinity, and pH (2252, 2249, 2255,
1846). Petroleum biodegradation has been reported to occur over a wide range of
temperatu~res: Huddleston and Crcsswell (2261) reported biodegradation at -1.1C;
Dibbie and Bartha (2262) reported that the highest rates occiirred between 30'C and
40rC with no increase observed above 370C; and Atlas and Bartha (2263) reported
that the degradation rate roughly doubles with each 5C increase in the 5' to 20•C
ran,,e; degradation in arctic environments hi- been reportcd to be dramatically
reduced (2255, 2266).

Oxygen has been reported to be necessary for the initial steps of hydrocarbon
degradation; reports of anaerobic degradation have been sporadic and controversial
(2252, 2255. 2249). Oxygen depletion has be..en shown to lead to sharply reduced
hydrocarbon utilization in soils (2261). Tilling of so- has be,. zhewn to have a
positive effect on petroleum degradation (1811, 2256).

In the presence of large quantities of h;,drocarbon substr'Ites, the availability of
nutrienLs, particularly nitrogen and phosphorus, becomes incr:asingly important and
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the addition of fertilizers has a notable positive effect on biodegradation (2249, 2252,
2255); in subsoil treated with 1-10% oil, the addition of fertilizer had lttle effect
(2256).

4There are limited data available on the effects of pH and salinity on
biodegradation of petroleum. In general, degradation was reported to decease with
increasing salinity (2249), although the effect of different microbial populations in the
experiment was not determined. Hydrocarbon degradation was reported to be low in
naturally acidic soils and increased up to pH 7.8 (2262).

The fate of petroleum hydrocarbons from various actual environental incidents
has been summarized by Atlas (2255). Following a release in Searsport. ME,
microbial degradation of JPA residues in cold anoxic marine sediments was essentially
zero; howeve:" microbial degradation did apparently occur during transport from the
spill location to the marine sediment (2266). Microbial degradation of petroleum
hydrocarbons in ground-water, river watei and soils has also bcen reported (2255).

In summary, biodegradation of the petroleum hydrocarbons comprising JP-4 fuel

is expected to be rapid under conditions favorable for microbial activity and when
fuel components are freely available to the microorganisms. Degradation may be
limited and/or slow in environments with few degrading organisms, low pH, low
temperatures, and high salinity (e.g., arctic environments). It should 1 mentioned
that Walker et al. (2257) state that even under optimum conditions, total and
complete biodegradation is not expected to occur except possibly over an extremely
long time period.

64.2.3 Primary Routes of Exp fure xrom So,,round-wate Syste

"The above discussion of fate pathways suggests that the major components of
JP-4 fuel are highly volatile but vary in their potential for bioaccumulation and
tendency to s,,rb 1o soil. They range from moderately to strongly sorbed to soi!, and
their bioaccumula';on potential ranges from low to high. The variability in the
properties of the components suggests that they may have somewhat different.
potential exposure pathways.

Spills of SP-4 would result in the evaporative los of the more highly volatile
components leaving those of lesser volatility in the soil. The fraction remaining in
the soil is expected to be relatively mobile and w1ll be carried by gravity to the
saturated zone of the soil. In this zone, the more soluble componrnts (aromatic and
lower molecular weight aliphatic compounds) will dissolve into the ground-water or
form emulsions with ground-water, while tbe insoluble fraction will float as a separate
phase on top of the water table.

The movement of dissolved hydrocarbons in grouted-water is much greater than
the separate liquid phase, reaching distancr's ot hundred to thousands of meters
compared to tens of meters for the movement of tht separate phase. In the
presence of cracks and fCssures; howevcr, the flow of the separate hydrocarbon pha&c

L.
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is greatly enhanced. The movement of JP.4 fuel in ground-water may contaminate
drinking water supplies, resulting in ingestion exposures. Ground-water discharges to
surface water or the movement of contaminated ,oil particles to surface water
drinking water supplies may al.o result in ingestion exposures and in dermal
exposures from the re..zational use of these waters. The potential also exists for
uptake by fish and domestic animals, which inay also result in human exposures due
to the bioconcentration of various fuel components.

Volatilization of JP-4 hydrocarbons in soil is another potential source of human
exposure. Exposures may be more intensive when the soil is contaminated directly
from leaking underground storage tanks and pipes, rather than from spills. In such
cases, the more volatile components do not have an opportunity to evaporate before
penetrating the soil. Once in the soil, the hydrocarbons evaporate, saturating the air
in the soil pores, and the vapors diffuse in all directions including upward to the
surface. The vapors may diffuse into the basements of homes or other structures in
the area, resulting in inhalation exposures to the buildings' occupants.

64.2.4 Other Sources of Hums-n Exposure

The volatile nature of JP-4 fuel suggests that inhalation exposures to resident.; in
the vicinity of air fields may occur during large spill Volatilization also occurs
during routine fuel handling operations and from fuel losses during the cooling of jet
engines (1811), but these sources are expected to result in negligible exposures to
residents in the area. However, workers in the: immediate area could receive much
greater exposures.

Human exposure to JP-4 fuel may result from fuel-jettisoning by aircraft. The
effect of the evaporated fuel vapors is considered negligible (1912), but several
exposure pathways exist for the fraction reaching the ground. The composition and
fraction of the Jettisoned JP-4 fuel that reaches the ground depends upon the altitude
of its release and the temperature at g;ound level. For example, at a ground
temperature of -2('C, over 20% of the JP-4 released below 400 meters may reach the
ground but a! a gr,)uad temperature of 20TC, less that 1% of the JP.4 fraction will
reacn the ground rtgardless of the altitude of release. At altitudes above 3000
meters, release height has almost .. ) effect on the JP-4 fraction reaching the ground;
however the surface area of fuel distribution will be affected (1913).

Because the volume of fuel released in a jettison may range from a few thousand
to over 50,000 litcrs (1912), the amount reaching the ground may lead to significant
human exposure if relea.ed at a low altitude. Contamination of surface water, crops
and pasture lanJ may result in human ingestion. However, significant human
exposure is expected to be rare since Air Force directives specify that, whcnevr
possible, release be made over unpopulated areas and at al:itudes above 1500 meters
(6000 meters in some aircrafts) (1912).
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j 64.3 HUMAN HEALTH CONSIDERATIONS

643.1 Anama S"

""43.1.1 cac ki

The carcinogenicity of petroleum-derived and shale-dedved JP-4 was evaluated in
Fscher 344 ras and C57BLJ6 mice. The animals were exxxcd to vapor
concentrations of 500 or 1000 mg/m' in whole-body inhalation chambers. Exposure
was for 6 hours daily, 5 days per week for I year. The animals were held for an
additional year. The only effects observed during the exposure phase were decreased

body weight and decreased kidney and liver weighbs in high- and low-dosed male rats
and decreased spleen and kidney weights in low-dosed female rats. Histopathologic
evaluation of the tissues have been in progress by the USAF since 1985. however,
results are not available at this time (1936).

No other studies dealing with the carcinogenicity of JP-4 were located.

64-3.12 Genotoxicity

Brusick and Matheson evaluated the genotoxicity of JP.4 (1813) and JP-8 (3087)
jet fuels in a number of in vitro and in vivo assays. Test results have been negative
in almost all cases. An observed increase in unscheduled DNA synthesis may be
artifactual because scintillation counting rather than autoradiography was the method
used to measure UDS.

Negative results were obtained in the five standard str.ins of Salmonella
b•hiMurjurn with and without microsomal activation. Test concentrations ranged
from 0.001 to 5.1 ML per plate. Concentrations above I uL per plate were toxic to
most of the bacterial strains. Negative results were also seen in strain D4 of
Saccharomvce' mrevisiac and in the TK mouse lymphoma cell assay (1813, 3087).

Benz and Beltz (3061) exposed beagles via inhalation to jet fuels JP-4, JP-5 or

J.P-10 and ob,.erved no increase in sister chromatid exchanges or micronuclei in
peripheral lymphocytes. These investigators also exposed beagie lymphocytes in vitro
to these jet fuels and observed similar results.

In the dominant lethal assay, negative results were obtained from male mice
l -•given doses of 0.01, 0.03 or 0.09 mI.Ag/day for 5 days for JP4 (1813) and 0.13, 0.4,

and 1.3 mrLkg/day for 5 days for JP-8 (3087). Results were negative overall for JP-4
in rats but significant preimpiantation loss was observed after the fourth mating. In
this, study, rats received doses of 0.09, 0.3 or 0.9 iriLAg/day of JP-4 by intraperitoncal
injection for 5 days (1813). No evidence for dominant lethality was seen in the JP.8
experimerts with doses of 0.1, 0.3 and 1.0 mL/kg/day for 5 days (3087).
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64.3.1.3 Teratogenity, Embryvtazicity and RcTroductive Effects

No information is currently available concerning the teratogenic, embryotoxic, or
reproductive effects of JP-4.

64.31.4 Other Taicologic Effects

64.3.1.4.1 Short-term Taxicity

No information was found regarding the acute toxic effects of JP-4 in animals.
Due to the nature of its components, CNS effects would be expected. Vapors would
be irritating to the eyes and mucow membranes and the liquid would cause irritation
and defatting of the skin (200).

In tests conducted in New Z7c31and white rabbits, both petroleum- and
shale-derived JP-4 produced no signs of irritation when 0.1 mL of undiluted material
was applied to eyes. Both fuel types were also tested for primary skin irritation on
intact and abraded rabbit skin. UndiLzteo material (0.5 mL) was applied and covered
for 24 hours. Neither fuel type caused any irritation after 24 hours. By 72 hours,
moderate erythema was seer, in both instances. Shale-delved JP-4 caused mild
edema compared to none in the petroleum-derived .'P4 group. After one week, mild
edema and erythema were seen in the shale-derived JP-4 group, in the petroleuml-
derived group there was mild exfoliation and erythena but no edema. In skin
sensitization tests conducted in guinea pigs, petroleum-derived JP-4 exhibited no
sensitization response. In contrast, shale-derived JP-4 demonstrated responses
indicative of a mild to moderate sensitizer (1930).

Somewhat conflicting results concerning the severity of skin irritat;on resulting
from exposure to 0.5 mL of shale-derived JP-4 have been prese.ted by Hansen et al.
(1981, 3265). The JP.4 was applied to abraded and intact skin of New Zealand white
rabbits for 24 hou:-s. Test animals were observed and scored by the Draize technique
for signs of erythema -tnd edema at 24 hours, 72 hours, and on days 4 through 21.
At 72 hours, four of the six test rabbits had severe erythema and slight edema at all
test sites. The edema subsided by day 8; however, the erythema remained severe
until day 12, at which time it began to subside until it was completely gone by day 21.
In this study, shale-derive]l JP-4 was rated as sevefely irritating with a primnary
irrita'ion score of 5.50.

No LD.. data were found for JP-4. An oral LD3. of 20 g/kg has been repcrted
for kerosene in guinea pigs (47).

643.1.4.2 Chronic Taticity

Chronic inhalation studies have been conducted with JP-4 in various species.

Beagle dogs, Fischer 344 rats and C57BIJ6 mice were subjected to whole body
vapor exposures of petroleum-derived JP-4 for 90 days. The animals were exposed to
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500 or 1000 mg/m' continuously. Ammals were wicrifced immediately following .he
exposure period. Histopathology revealed signific.it exposure-related lesions in both
rodent species. In female mice, the incidence of ceatnLlobu!ar hepatocelular fatty
change was 88% in the low-dose group and 89% in the htgh-dose group. These
lesions were absent in the control group and were thought to !,'. the result of mild
reve-sible toxic insult. Tfi male rats, 100% of the kidneys in both groups exhibited
hyaline drop1et formation in the proximal tubular epithelium. In 96% and 100% of
the low- and high-dose male rats, respectively, the renal tubules near the
corticomedullary junction were dilated and plugged with necrotic cell debris. All
lesions found in exposed and control dogs were changes consistent with aging and not
due to JP-4 exposure (1930).

In a 90-day study on shale-derived IP-4, Fischer 344 rats and C57BL" mice were
given whole body vapor exposures to 400 or 1000 !ng/m' continuously. Groups of
animals were sacrificed immediately after exposure and at 2 weeks, 2 months and 9
months post-exposure. Blood values at all post-exposure periods were all within
aormal limits. In the male rats, there was a significant difference in kidney and liver
weights in the animals sacrificed immediately after exposure. This difference was no
longer present 9 months po .-exposure (1936).

Intermittent whole body vapor exposures at higher levels for 8 months failed to
show any treatment-related histopathoiogic effects in dogs, rats, mice or monkeys;
vapor level exposures were 2500 or 5000 mg/m', 6 hours per day, 5 days per week.
The only abnormalities observed in high-dose animals were increases in weight and in
the organ to body weight ratios for the male rat kidney, liver, lung and spleen.
There was also a 27% incidence of rat nurir bro..sitis (1933).

643.2 Human and Epidmiollogic Studies

64.321 Sbort-term Toxiý Effects

Acute exposure to petroleum distillates is known to cause CNS depression in
man. For fuels with high vapor pressures such as JP-4, there is the possibility of
significant vapor exposures, particularly in poodly ventilated or closed handling areas.
Short-term exposure to high concentrations can lead to headache, nausea, mental
confusion, and irritation of the lespiratory system. In extreme cases, loss of
consciousness can occur (1932). One case of jet fuel intoxication by tue inhalation
route was reported by Davies (1931). In this imtznce, a pilot was exposed to vapor
lew.ls of 3000-7000 ppm in the cockpit of his aircraft for approximately 7 minutes.
He complained of feeling sleepy and groggy and his speech was slurred but he
managed to land the aircraft safely. Neurological examin-tion ri"." a staggering
gait, a positive Romberg test (indicates peripheral ata: _.zed muscular
weakness and possibly decreased sensation to painful _muii over the dorsal ;urface
of the right forearm. The pilot did not feel 'normal" for 36 hours. He was observed
during the next few days and appeared in good condition. He was examined 5
months after the incident at which time he felt fine.
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Petroleum fuels generally have a low oral toxicity. Ingestion is likely to occur
only through accikenis and the taste and sm -l. will usua!ly limit the amount
swalk,wed. Aspiratiov of the liquid into the lungs can cause pneumonitis (1932).

The lowzr boiling point hydrocarbons thz. am- present in m~zst liquid furs defat
the skin and cause dryne.a and :nitatior. Prt-lnged or repeated skin contact may
result in oil acne or oQi fo!liculitis (1832).

Eye irritation can be caused by exposure to high vapor concentrations or if the
liquid is spla4shed into the eyes ('932).

54.3.2.2 Chronic Ta'dcokogic Effects

It has been clearly demonstrated that hydrocarbon fuels induce nephrotoxicity
and renal carcinogenicity in male rds. However, these agents have failed to produce
significant to'dc or neoplastic changes in other major organs or in female rats. The
mechanism responsible for the renal lesions in unknown at the present time; however,
research is currently underway to assess tl:e role cf the male rat-specific protein,
alpha-2u-globulin, in the initial formation of hyaline droplets and tubular degeneration
(3418). Because the etiology of this species- and sex-specific nephrotoxicity is
unknown, the question remains as to whether exposure to hydrocarbon fuel vapors
would Froduce similar effects in humans. All epidemiological information to date is
negative; however, the studies have either been limited in scope and/or the observed
chronic effects could be attributed to individual components in the fuels.
Consequently, no definitive studies are available at this time to determine the
potential for human nephrotoxicity or renal carcinogenicity from exposure to
hydrocarbon fuels (3746).

Long-term eqposure to jet fuel causes neurological effects. Knave et al. (1929)
conducted a cros.-sectional epidemiologic study in 30 Swedish aircraft factory workers
exposed to jet fuel with the following composition: aromatic hydrocarbons 12 vol %;
olefin hydrocarbons 0.5 vol %; saturvted hydrocarbons 87.5 vol%. Duration of
exposure ranged from 2 to 32 years with a mean of 17.1 years. Exposure levels
ranged from 128-432 mg/m3. Controls were age-matched and were employed for a
similar time period but had no exposure. Twenty-one of the 30 exposed workers
experienced recurrent acute symptoms, such as dizziness, headache, nausea, pain upon
inhalation, feelings of suffocation, slight cough and palpitations. Thirteen subjects
also reported fatigue during and after work. No significant differences were seen at
different exposure levels. Among chronic neurasthenic symptoms, the most obvious
differences between control and exposed workers were fatigue, depressed mood, lack
of initiativ--, dizziness, palpitations, thoracic oppression, sleep disturbances and
headaches. In psychological tests, the exposed subjects had a greater irregularity of
performance on a test of complex reaction time; a greater performance decrement
over time in a simple reaction time task and poorer performance in a task of
perceptual speed when compared to the non-exposed subjects. There was also a
significant difference between the groups when EEG's were ranked as to
configuration of alpha activity. Symptoms indicative of polyneuropathy (e.g.. restless

eI
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legs, muscle cramps, diffuse pain in the extremities, pmesthesia, numbness) occurred
with a higher prevalence in exposed workers. Measurements of per.pheral nerve
functions indicated differences in exposed workers vs. non-exposed groups. The same
group of investigators conducted similar studies in other jet fuel workers and obtained
similar results (1926-1928).

In a stuc:y on the effects of jet fuel on liver function, Dossing et al. (1925) found
no changes in the biochemical indices of liver injury in 91 fuel-filling attendants
employed on Danish air fort, bases for periods up to 31 years (median = 7.6 years).
The median jet fuel concentration was 31 mg/m' with a range of I to 1020 mg/m'

"643.3 Tokoog of JP-4 Compoants

A brief overview of the toxicology of the major hydrocarbon components of JP-4
(see Table 644) are summarized below. The acute toxicity values for these
components are presented in Table 64-6.

n-Hcxane

Hexane may be the most highly toxic member of the alkanes. When ingested, it
causes nausea, vertigo, lronchial and general intestinal irritation and CNS effects. It
also presents an acute aspiration hazard. Acute exposure occurs primarily through
inhalation. Non-specific symptoms such as vertigo, headache, nausea and vomiting
are the first to be manifested. At high concentrations, a narcosis-like state appears as
a result of CNS depression. Pre-narcotic symptoms or.cur at vapor concentrations
ranging from 1500-2500 ppm. n-Hexqne irrfiates the eyes and mucous membranes.
These effects can be seen after an exposure of 880 ppm for 15 minutes. Skin contact
primarily causes fat removal and cutaneous irritatioa. Chronic exposure to n-hexane
vapors causes peripheral neuropathy. The first clinical sign of neural damage is a
feeling of numbness in the toes and fingers. Progression leads to further symmetrical
sensory impqhment in the distal portions of the ex.remities and to loss of muscular
stretching renlxcs. Ultimately, symmetrical muscular weakness develops, chiefly in
the distal portion of the extremities. Paralysis develops with varying degrees of
impaired grasping and walking. This may include muscular atrophy (sensorimotor
polyneuropathy). The development of electrophysiological changes parallels the
severity of the clinical picture. In the most severe cases, nerve conductivity is
neutralized. In some cases, craniai nerve involvement is also observed. After
exposure ceases, recovery begins within 6 to 10 months in mild to moderate cases,
but may take up to 3 years in serious cases. The threshold level at which neuropathy
occurs has not been firmly established but symptoms have been observed in people
exposed to concentrations ranging from 10 to 200 ppm for 9-12 months.

In animals, signs of narosis are seen after mice are exposed to vapor levels of

16,000 ppm for 5 minutes. Death generally occurred at concentrations between
43,800 and 52.,000 ppm after 9-119 minutes. The oral LD), is cited as 24 mL/Ag for
14-day-old rats and 49 mLlkg for young adult rats.

I' m !
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TABLE 64-6
ACUTE TOXICITY. OF COMPONENTS OF .JP-4

Oral Dermal
Component' LIDs, LD. LC,.

n-hexane 24-49 mLbkg [rat] no data 33,000 ppm
(1935) .4 hr [rat]
28,710 mg/kg [rat] (1935)
(1937)

octane no data no data no data

dodecane no data no data no data

isopentane no data no data 1000 rng/L
[mouse] (12)

isooctane no data ve data ne data

methylcyclo-
pentane no Jata no data no data

methycyclo- 2250 mg/kg [rat] (47) no data no data
hexane

cyclohexane 29,820 rng/kg [rat] no data no data
(1935)

benzene 3800 mg/kg [rat] (59) no data 10,000 ppm
4700 mg/kg [raouse] (47) .7 hr [rat]

(47)

toluene. 5000 mg/kg [rat] (47) 12,124 mg/kg 5320 ppm
[rabbit] (47) • 8 hr [mouse]

(47)

xylenes 4300 mg/kg [rat] (47) no data 5000 ppm
*4 hr [rat]
(47)

ethyl benzcne 3500 mg/kg [rat] (47) 5000 mg/kg no data
[rabbit] (59)
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TABLE 64-6 (Cont.)

Oral Dermal
ComponenC LD5 . LDI LCV

trimethylben-
zenes no data no data 18 mg,'mn3

* 4 hr [rat]
(47)

1-methylnaph-
thalene 1840 mg/kg [rat] (47) no data no data

2-methylnaph-
thalene 1630 mg/kg [rat] (47) no data no data

*See Table 64-1 for component concentrations ri. sample JP4 fuel.

Lang term inhalation experiments in rats suggest that the first signs of
neurotoxicity appear after they are exposed to levels of 200 ppm for 24 weeks. This
higher thieshold to induce neurotoxicity in animals may be due to differences in
metabolinm. Specifically, 2-hexanol is the chief metabolite in animals, while
2,5-bexanedione. which is neurotoxic, predonminates in man. Chronic topical
application of a solvent containing 35.2% n-hexane caused axonal swelling and myelin
degeneration in chicks. No clinical signs were seen. Dosage was 1 g/kg/day for 64
days. In rabbits, topical application of 0.5 mL~day for up to 10 days caused redness,
irritation and scab formation. N-hexane is neither carcinogenic or teratogenic. One
in vivo study in rats that inhaled 150 ppm for 5 days found an increased number of
chromosome aberrations in the bone marrow cels. No studies on mutagenicity,
reproductive toxicity or carcinogenicity in man wer: found (12, 1930, 1935).

Octane

By the oral route, octane may be more toxic than its lower homologues. 'If it is
aspirated into the lungs, it may cause rapid death due to cardiac arrest, respiratory
paralysis and asphy ja. The narcotic potency of octane is approximately that of
heptane but it does not exhibit the CNS effects seen with hexaree or heptane.

In humans, the only reported effects are blistering and burning due to prolonged
skin contact.
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In antnals, octanc is a mucous membrane irritanL At high concentrations, it
causes narc0b. It is expected that s'-ere e-vxxure in humans will produce the same
•;effectc. Mipe o" to "apor L-vcls of 32,0XX) ppm suffered respiratory arrest after
4 minutes of cxpcsure. Ex-ýzure to 17,840 ppm for M85 minutes caused a decrca.sed
respiratory rate, fo'Jowcd by death within 24 hours. No narcosis was seen aftei 48
minutes of expogure to 5350 ppm (12, 46, 1938).

Dod~cane is not highly toxic. The klwe.-t toxic dose for mice is 11 &`kg when
administered p~rcutanooizly for 22 weeks. )D Cc.ane is a potentiator of skin
turnorigenesis by b,'c,(a)pyent. It dccre..w tLe effective threshold d(ws by a
factor of 10. Dodecane and renydc.iccane applied topically to the progc,-y of rats
tre.ated with bcnzo(a)pyrenc, chry)cnc or bcnzo(b.triphenrylcne on the seventeenth
day of gestation produced tumors in offspring. No additional informition is avai!able
(12, 1937).

1oQcnLan';

Isopentane is a CNS depres.zant. [ffccts may include exhilaration. z.ine.
headache, koss of appitite, nausea, confuision, inability to do fine work. a ,cr-L~tent
taste of gasoline and in extr.me cavs, Inu ot conns'iou sncss. Inhalation of up to 5,00
ppm appears to have no effect on humans. "Ve, high' vapor concentrations 1e
irrititing to the skin artd eyes. Fepcrated or pro oigttd skin contact %%Il dry and defat
skin resulting in int;.tion and dermatitis. The LC, in the mouse is estimated to be
1000 mg/L (12).

The iso-ociancs are moderatelv toxic by the ;ril route If a.;pirated inn() the
lungt of rats. they *ill carLu pt:'monarvy lc.ýiors. When injected intramucularlv into
rabbits• i-o-octtnc protduced hemorrha•,r. edema, intrr:ý'iil pncumonitiS, a41,e1s
formation, thrcmhosis anJ fibrosis. Inhaait-,n of 16AtP ppm cau.ed re.spiratory arret

& :iin mice and 5 minutes expoxure to l(XX) ppin %as hig~.y irritating (19,37).

Mcthykoyck'penitare resembles cvclopcr~tanc in iLS toxicit\. (\'clkpenta-ic is
CNS dcprt .,ant. Hunmans can tolerate If-15 ppm. In mice. 3, +pi-m caiusc Ik+ of
reflexes, narcAis and death dcmopstrating that no safety margin ,xts.
Mcthyk¢yclopcnritane aLU.o exhibits no satety margin -t.,een the or'sct of narcos¶is ar
tkath. When applicJ t- -unea pig skin. c-',.'.nne ! rtoduced dr-nms ind slight
er.thema. Mthviyclorentane would be epc."cd to hwr the %a,+e efc,' (1I

:1
)i ++:



wmw i I I I I i r i

64-32 JP-4 (-Er FUEL 4)

No systemic poisoning by rnothyky-clohxane have been reported in man. AtI, bhigh vapor concentrttions it causes nart•i•s in ani.'nals and it is expected that it
would produce the arme effect in humans. The no-rffect level is about 300 ppm in
primates and 1200 ppm in rabbit., Rab:,its did wot survive 70 minutes of exposure to
15,227 ppm.. Death was precexed by conjunctival corngestion. dyspnea, severe
convulsions and rapid narcosis. There were no signs ef intoxication in rabbits
exposed to 2880 ppm for a total of 90 hours, but slight cellular injury was observed in
the liver and kidney". In primates, kethil concentrations caused mucous secretion,
lacrimation, salivation, labored breathing and dianht-a.

In chronic inhalation studies, exrosure to 2000 ppm, 6 hours per day, 5 days per
week for 2 years produced r.o tumors in rats, mice, hamsters or dogs. The only
significant toxic effect found wa& renal change.s in male rats. Thcse includ,:d renal
tubular dilation, papillary hyperplasia ancd mc.dllary mineralization.

Dermal application of the liquid prtd.uced kloal irtration, thickening and
ulceration (i2, 46, 54, 17, 19.16).

Cyclohexanm is a CNS depre ,.ant of k~w toxicity. Symptoms of acute exj~ure
are excitement, losi of equilif num. stupor and coma. Rarely, death results d'je to
respiratory failure. The aneasilewii that is induced is weak and of b'ief duration but
more potent than that causted by hexrsr. The oral LDLo in rabbits ranges frcm 5.5
to 6.0 g/kg. Within 1.5 hours the animam% exhibited severe diarnhes, widespread
vascular damage and collapse. Degernealive lesions were seen in the heart, lung,
liver, kidney and brain. A onc.houi vapo)r exptsure to 26,752 ppm causd rapid
narcsis arid tremor and was lethal tc all exp,.ed rabbits. In mice, concentrations
causing nar*is vary from 14,(!40 to 122.r(') ppm.

C'yzlohexv.nc is nominally abhtorbd through the skin although ma.1.NIe app!ications
(>M0)12 g~kg) to rahhit sLin resulted in micr,.•cpic change! ib the liver and kidne-s
and caused the death of all animals.

The danger of chronic proi.M)ing is relativelY slight becaus this comrpound is
*..mit Comrnpletely eliminated from the boyJ. No toxic changes were seen in ratbits

Sesp~d to vapor levels of A.134 ppm, 6 hourm daiiy for 50 exptosures, bu, .ome
micrr),"opi: changes were seen iis tlue liver and kidneys when the exposure wai to 7"-4)
''m for the sam: perixl.

In man. no systemic poi.toninp by cbiy.lhcxaine have been retoiled. A vpr
-lve! of Y.0 ppm Li somfiwhat irnitntinR to the eves and mucous mcmhr•nn%. It ha.s

hbe.:n reported that 'wcln)hex;:ne may potcnti:;te th toxic effects of TC(-F wut no
Addtionxl details of this interaction are wv•.i!PaHe (12, 17, 46, 54. 1917).

91:
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The primary effects of benzene inhalaton and ingestion are on the central
nerovus systen: (54). Bcnzene is carcinogenic in both animals and man. Several
reports have established a relationzhip between benzene exposure and Icukemia. For
more information, refer to the chapter on benzene in the Installation Restoration
Program Toxicology Guide.

Tolbene is a CNS depr'ssant with a low toxicity. For more information, refer to
the chapter on toluene in the Installation Restoration Program Toxicology Guide.

Acute expc~ute to high% concentrations of xylerie vapors may cause CNS
depression. Both beh liquid and the v~por are ihritating to the eyes, mucous
membranes and skin (46). The National Toxicoi-gy Program recently reported that
there was no evidence of carcinogcnicity of mixed xylenes in either mice or rats given
daily doses ranging from 250 to 1IWO mg/kg by gavage for 2 years (1939).

For more information, refer to the chapter on xylcncs in the Installation
Restoration Program Tixicology Guide.

Ethyl benzerni is primarily an irritant to the sdn, eyes and upper respiratory
tract. Systemic absorption causes CNS dcpression (46). For more information, refer
to the chapter on ethyl benzene in the Installatior Rcstoration Program Toxicology
Guide.

I.rirnet. hvlbcn .c n cs

The trimcthvlbenzcnes occur in 3 i.omeric fo-ms. The 1.3.5-Lsomer (mcsitylene)
and the 1,2,4-isomer (pseudocumenc) are toxicologically similar. High vapor
concentrations (f4X-X*PXXX) ppm) cause CNS do-, i ýsion in animals. Lxsm of reflexes
was seen in mice expci ed to 8130-914.0 ppm ot Lhi 1.2,4-isomir or 9130 ppm of the
1.3,5-Lwsmer. Rat,, expc•ed to 1700 ppm of -n Lsomcric mixture for 10-2! days hatd
no adverwe effects or fatalities.

The fatal intraperitoneal doe of the 1.2l.4.is-,ncr for the guinea pig is 1.7,99 g'kg.
while the fatal d(oe of the 1, 3, 5-i.omer by the s.-me route is 1.5-2 g'kg for the rat.
For the 1,2.3,isomer, an oral LDLA) of 50W) mg'k1 : ha.s been rcpertrd in the rat.
Trimethylibcnzene liquid is a primary skin irritant. Drcpositi(,n into the lungs causes
pneurionitis at the site of contact.

Li
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The on•y report of human exposure descnibed symptoms of nervousness, tension,
anxiety, asthmatic bronchitis, hypochromic anemia and changes in the coagulability of
the bkood. Vapor concentrations ranged from 10-60 ppm. Exposure was to a mixture
containing 30% of the 1, 3, 5-isomer and 50% of toe 1, 2, 4-isomer (2,12).

The only adverse effects of methylnaphthalene reported in man are Ykin irritation
and photoscnsitization (17). Oral LD, values of 1840 mg/kg and 1630 mg/kg have
been reported for 1-methylnaphthalene and 2-methylnaphthalene, respectively, in the
rat (47).

,IP-4 &1ditiva

Additives used in JP-4 are listed in Table 64-3. Little toxicological data were
found regarding these compounds. The information that was available is outlined
bekw.

6-t-butyl-2,4-dimcthylphenol

An oral LD, of 530 mg/kg in the rat was rei .-ted (47).

N,N'-di-sec-butyl-p-phenvlenediamine

SA percutaneous LD,. of 5000 mg/kg was reported in guinea pigs. The lowest
lethal oral dose reported in rats is 200 mg/kg. The LDLo in rats is 600 mg'm. for 6

hours (1937).

N,N-dimethylformamide

An oral LD•, of 2800 mg/kg in the rat anid 3750 mg/kg in the mouse have been
reported.

In humans, N,N-dimethylformamide is irritating to the eyes, skirn and mucous
membranes. Casie reports have indicated that the liver is the main target organ
following acute and chronic exposure to dimethyl-formamide. One of the carlicst
manifýstations of exzessive e"xpure is ethanol intolerance followed at higher
expo urt: levels by symptoms of nau.•ca. vomiting and abdomina! pain (1937, 2316).

64.3.4 Levck of Coccn

No criteria or standairs specific for JP4 were located. EPA (2012) dcs list a
criterion for oil and greazse that requires domestic water supplies to bc virtuaily free
from oil and grease, particularly with regard to tate and odor.

OSHA (3539) has wt a -hr TWA Ixpcsure limit of 400 ppm for pctrcleua.
distillates (naphtha). The ACGIH (Y(X)5) recommends a threshold limit value of 300

ppm for ga.oline, with a short-term exposure limit of 5(X) ppm.
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643.5 Hazard lAust

Toxicological data available for JP4 are limited. No data are currently available
regarding the carcinogenicity of JP.4 but a study is in progress (193,). Shale- and
petroleum-<erived JP-4 have been teaL.d in F344 rats and C57B1/6 mice at vapor
concentrations of 500 or 1000 mg/m'. .1isopatbology is now in progress.

Genotor,:city tests in bacterial and mammalian test systems are negative as are
dominant-lethal L.'t* for both rats and mice (1813). No data on teratogenicity,
fetotoxicity, or reproductive toxicity are available.

Acute eye irritation studies with undiuted shale- or petrolcum-derived JP.4 have
produced negative responses in rabbits (1930). Skin irritation studies with the same
test samples indicated no effect at 24 hours; by 72 hours, mild erythema wn.s induced
with both samples and mild edema with the shale-derived sample (1930). Hansen et
al. (1981, 3265) obtained a primary irritation score of 5.50, severely irritating, for
shale-derived JP.4 in a primary dermal irritation study with New Zealand white
rabbits. Skin sensitizarion studies in guinea pigs were negative for the
petroleum-derived sample but suggested mild to moderate sensitizition with the
shrle-derived JP-4 sample (1930).

Continuous inhalation exposure to petroleum-derived JP-4 at levels of 500 and
1000 mg/mr' for 90 days produced fatty changes in the liver of mice and rats and
kidney damage in rats; no significant effects were noted in dogs (1930). Internittent
exposure to higher concentrations (5000 mg/m') produced increases in organ weighs
of the kidney, liver, lung and spleen of rats but no histepathologic changes (1933).

Human exposure to petroleum distillates is known to cause headacbe, nausea.
mental confusion, CNS depression and respiratory tract irritation. Aspiration can
produce chemical pneumonitis (1932).

Neurological effects have been linked to chronic exposure to jet fuels in' aircraft
factory -workers. Average exposure concentrations ranged from 128 to 432 mg'mn for
2 to 32 years. Performance decrement and polyneuropathy correlated with exposure.
Other symptoms included depression, irritability, lassitude, dLsturbed sleep rhythm and
changes in conduction velocities in peripheral motor nerves (1929).
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64.4 SAMPLNG AND ANALYSIS CONSJDERAT[ONS

Determ~iahtan of the presence of JP4 fuel in sodl and water requires collection
of a representative field sample: and laboratotry analysis~ tor the specific major
componecnts attributed to 12-4; however, the rclative conc~entzations of the

*constituents, and even the constituents themselves will1 vary with time and distance
frZ4 the site of initial contamination due to weathering. The major component
calegories in IP-4 fuel have becn idenifled as the following:

bn-achkdalkan
bached alkanes

[ benzenes and alkylbenzenes

Sine mm o th coponntsmaybe highly volaile, care isllo required to prevent
loss duing ampt colecionand storage. EPA protocols for an~alysis of

consituntswitin hes clsse ditat tht te tmpls soul be~oilected in
airtjbtconainn wih n hedspcc. nalsesshold aso c~cmpitedwi',hin 14

chromatogirapl'yirxass spectrometry (GG'MIS) ttchriques has b,: used to iden~ify the
principa! components in fl'4 fuel (ESL-TR-81-54, SRI). Fuel samplets, and probably

seartin(pio o C rGCIMS alýssoftelihic narmi and
6111"':polcycic romticby~ocabonfratios uingliqid oli coumnchromatog-Paphy.

Tbe r~rouscolmn cuats, ithor without dilution in carbon disulfide, are then
anlye byG rCCM techniques. Aqueous samples need to be liquid-liquid
exrcejiha prpit solvent (e. rclotiurcha)pirtoanaly-sis;

s~iid ampes oul beextactd -ithtr-chlrotiflorothae uingsoxletextr3ction
)r snictio mc~cxs (tanardMetods. A alquo ofthesamle xtrctwith or

wahot cncetratonis hen trayze byG-C r CCA S. (ampingandAnalysis
* ~Considerations for some specific components in JP-4, i.e., benzene, toluenc, xyleries,

ethyl benzene and naphthalene, have been addressed in Volume 1.)

~Alternatively, the *oil find grevtse content can be measured. This determination
would not be the mauc.!iofan absolute quantity of a specific component, but
rather the quantitative dieternination of groups of components with similar physical

Thc ota hydocaboncontent of JP.4 in wdtcr can also be determined by
infard (R)spectrophotomctrv (3599). Since various fuels have distinctive gas
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chromatographic prories it may also be possible to distinguish JP-4 from other fuels
present in environmental samples by examining selected peak areas or peak ratios for
certain hydrocarbons (3599).

A detection limit for JP-4 was not determined; the detection limit for specific
components is expected to be in the range of 37 pge- for aqueous samples and uglg
for non-aqueous samples.
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OOMPPLE MD,"TURES

"This chapter deals with a complex mixture and/or class of compounds. The format used
for this less well-defined group of compounds was raodified as necessary but follows the outline
of earlier chapters as closly as possible. It should be noted, however, that the composition of
these materials can vary according to the route of :ynthcsis, the formulating ingredients added,
the interactions of the active ingredients, or the storage condition.. Thcse factors can influence
the nature of the material that is ultimately utilized and probably are reflected in many of the
experimental findings reported in the following chi ptcrs.

The ,ypical components and approximate composition of the mixtures are provided if
that information was available. PhysicaLfchemica] )roperties often were not available or varied
dependig on formulation. Many of these mixturs are blended to modify their physiczl
properties according to the intended use. Furthe.'more, the formulations vary with sea.son as
well as with geographic locations of product use. In some cases, therefore, the range for the
class of compounds was given.

In addition to the data for the mixture itelf, the chapter that follows also contains
sectionr t.n th.- principal components and major additives of the mixture, their fate 'n the
environment znd a brief overview of their toxicity.



AUrOMOTUVE GASOLINE 65-I

COMMON CAS REG NO: NIOSH NO.: CHEMICAL COMPOSITION:
SYNONYMS: 8006-61-9 LX3300000 Aprrnate Comr-,iton

AWWnot psolinc
Benan MOLECULAR WEIGHT: N-ulkanes 15.0%. 17.0%
Motor spirits Not appabie Cyckelkanes 3.0% - 5.0%
Petrol Benzenes and 20.0%- 49.0%

Air WN Conmroa: (25*C) Mkyibezenez , ,
4.5 mg/n'u 1p•n;
0.222 ppm I &I Brao'aed

alkanes 28.0%, 36.0%
Olefiln 1.0% . 11.0%
Naptthalnes 0.0% s1.0%

Several sources indicate that strong oxidizers arc
incompatible with g',soline and that vigorous reactions,
ign~tion, and/or explosion may be expected. Thc NFPA
spccifically notes such events when chlorine, fl,.orine, or
magnerium perchlorate are mited waith hydrocarbons.
Gasolne is considere-d a mLwellaneous zorrbu.mtible or
f~ammable material for romi'atbility classification purposes.

REACTIVTTY Sach substanccs t)pically evolve heat, fire, and toxic or
flarnmabic gases in reactions with oxidizing mincral acids,
alkali or alkaline earth elemental metals, nitnides. organic
r,emxidcs or hydropcroxide., or strong oxidizing agents.
R,!.tions'with erplosive materials may result in an
expkiv;n, while those with strong reducing agents may
mvlve heit and flammable gases. Non-oxidizing mineral

acids generally evolve heat and innocuous gases. High fire
hazard and moderate explosion hazard when exposed to
heat, flame, sparks, etc (51, 505, 507, 511).

* Physical State: Liquid (at 20rC) (60)
0 Color: Colorless to pale brown or

pink (60)
PHYSICO- * Odor: Characteristic (54,60)

CHEMICAL, 0 Odor Thrsho!d: 0.250 ppm (60)
DATA 0 Dersitv: 0.7321 g/mL (at 20"C) (60)

* Freeze/Melt Point: No data (60)

* Boiling Point: 3A00 to 204.00TC (39,60)1 Flash Point: -46.00 to 38.00rC
c ked cup, d(vnding on grade (60,506,507)

t I
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65-2 AUTOMOTIVE GASOLINE

0 Flammable Limits: 12-1.50 to 7.1- (60,504,
7.60% by volume, dependi'•g on 506,507)
grade

* Autoignition Temp.: 257.0 to (51,60
471.0'C (varies with grade) 510,513,507)

0 Vapor Pressure: 2.63E+02 to
6.75E+02 mm Hg (at 38"C) (1932)

* Satd. Conc. in Air. No data
PHYSICO- * Solubility in Water. Insoluble (60)

CHEMICAL 0 Viscctity. 0.451 cp (at 20*C) (60)
DATA 0 Surface Tension: 1.9000E+01 to

2.3000E+01 dyne/cm (at 20"C) (60)
* Log (Octanol-Water Partition

Coef.): 2.13 to 4.87 (See Table 65-3)
0 Soil Adsorp. CoefL: 6-50E+01 to

3.60E+04 (See Table 65-3)
0 Henry's Law Const.: 4.80E-04 to

3.30E+00 atm. ml/mol (at 20*C) (See Table 65-3)
0 Bioconc. Factor: No data

Gasoline hydrocarbons are expected to be relatively mobile
and moderately persistent in most soil systems. Persistence
in deep soils and groundwater may be higher.
Volatilization, pho:ocxidation and biodegradation are

PERSISTENCE important fate processes. Surface spills are expected to be
IN THE SOIL- weathered by evaporation and photooxidation. Downward

WATER migration of weathered surface xpills and sub-surface
SYSTEM discharges represent a potential threat to underlying

groundwater. B;odegradation of gasotine hydrocarbons is
expected to be signifi:unt under environmental conditions
favorable to microbial oxieation, naturally-occurrwig,
hydrccarbon-degrading microorganisms have been isolaied
from polluted soils and, to a kesser extent, non-polluted
soils.

The primary pa;hway of concern from the

soil/ground-water system is the migration of gasoline to
PATHWAYS ground water drinlkng water supplies from leaking

OF underground storage tanks or large spilLs. The u.e of this
EXPOSU"RE water may cause inhalation exposures as well as ingestion

and dermal exposures. Vapors from leaked or spi~led
gasoline may diffuse through soil and migrate into
structures, resulting in inhalatioo exposurcs.

Ig

L: LA.



AUTOMOTIVE GASOLINE 6.5-3

Signs and Symptoms of Short-term Human Exposure:
(54)
Gasoline vapor is a CNS depressant. Low vapor levels
(500-1000 ppm) may produce flushing, staggering gait,
slurred speech and mental confusion. High vapor levels
(>5000 ppm) may cause coma and death from
respiratory failure. Ingestion and aspiration may cause
chemical pneumonitis, pulmonary edema and
hemorrhage, and kidney damage. Gasoline is irritating
to the skin, conjunctiva and mucous membranes.
Prolonged contact may defat skin and cause dermatitis.
Certain individuals may devekop hypersensitivity.

AcSI Tocity Studies:

INHALATION:
LCI. 135,000 mg/m'. 5 min Mammal (51)
TCL. 2,250-4.500 mg/m'. 30-60 min Human (3504)

.- HEALTH ((urotoxicity)
HAZARD LCQ, 22,500 mg/m3 (5000 ppm) Human (3504)

DATA LCý, -W0,000 mg/m'. 5 min Mouse (3504)
LCs, 300,000 mg/m'. 5 min Guinea pig (3504)
LCw 300,000 mg/mn. 5 min Rat (3504)
TC_ 900 pp l -Ihr

(eye irritation) Human (3504)

ORAL.
LD,* 13,600 mg/kg Rat (1924)

Long-Term Effects: Chronic inhalation produces
pulmonary changes and kidney damage, lead toxicity with
leaded &as.
PrzflancYNgfQr,3tq T~ata: N gativec
.IelottOQcit DatiJLi.ted dota are conflictinr
Carcinogenicity Cla'.sification:
IARC - None assigned
NTP - None assigned
EPA - Group B2 (probable human carcinogen;

sufficient evidence in animals and inadequate
evidence in humans)
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Handle only with adequate ventilation. There are no
HANDLING specific respirator guidelines for gasolines. e Chemical

PRECAUTIONS goggles if there is probability of eye contact * Nitrile,
(45,52) PVA or other protective clothing to prevent prolonged

or repeated skin contact with the liquid.

ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA

AIR EXPOSURE LIMITS:

Standa Tms0 OSHA TWA (8-hr): 300 ppm; STEL (15-rain): 500 ppm
0 AFOSH (8-hr TWA): 300 ppm; STEL (15-min): 500 ppm

Criteria
* NIOSH IDLH (30-min): None established
0 NIOSH REL: None established
* ACGIH TLVZ (8-hr TWA): 300 ppm
I ACGIH STEL (15-min): 500 ppm

WATER EXPOSURE LIMIT_:

Drinkinn Water Standards
None established.

JPA Health Advisories and Cancer Risk Leves
None established.

"VHO Drinking Water Guideline
No information a-aflable.

EPA Ambient Wa!er Quafltvy Sir
* Human Health (355)

- No criterion established; automotive gasoiine is not a priority pollutant.



AUTOMO'rIVE GASOLINE 65-5

ENVIRONMENTAL AND OCC-UPATIONAL STANDARDS AND
CRITERIA (Cont.)

0 Aquatic Life (355)
No criterion established; automotive gasoline is not a priority pollutant.

LW and Grease (2012)
For domestic water sLppIy. Virtually free from oil and grease, particularly from
the tastes and odors that emanate from petroleum products.

For aquatic life:

- To protect several important freshwaLer and marine species, each having a
demonstrated high susceptibility to oils and petrochemicals, the lowest
continued flow 96-hour LC", should be reduced a hundred-fold.

. Levels of oils or petrochemicals in the sediment which cause deleterious
effects to the biota should not be allowed.

- Surface waters shall be virtually free from floating non-petroleum oils of
vegetable and animal origin as well as petroleum-derived oiL

REFERENCE DOSU-:
No reference dose available.

REGULATORY STATUS (as of 01-MAR-89)

Promulgated Regulations
* Federal Programs

Clean Water Act (CWA)
Oil and grease are designated conventional pollutants under the CWA
(351). EFl uent limitations for oil and grease exist in almost all point
source categories under the general pretreatment regulations for new
and existing sources, and effluent standards and guidelines. Limitations
vary depending on the type of industry ,3763).

Toxýc Substances Control Act (TSCA)
Manufacturers and procc&io~rs of the C9 aromatic hydrocarbon fraction
must test it for neurotoxicity, mutagenicity, developmental toxicity,
reproductive effects and oncogenicity. The C9 fraction is obtained
from the reforming of crude petroleum. It consists of ethyltoluenes
and trimethylbenzenes (1988). Testing will be conducted by the
American Petroleum Institute. Interim reports must be submitted at
6-month intervals (1987).

II
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Occupational Skfetv and Heilt Act (OSHA)
Employee expcztur- to gasoline shall not exceed an 8-hour
time-weighted aerage (TWA) of 300 ppm, or a 15-minute short-term
exposurc limit (STEL) of 500 ppm in any 8-hour work day (3539).

Hazardous Materals Trans~ortation Act (HMTA)
-The Department of Transportation has designated gasoline as a
hazardous material which is subject to requirements for packaging,
labeling and transportation (305).

0 State Water Programs
ALL STAMS
All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water E.'7.ure Lmits section) as their promulgated
state regulations, either by narrative reference or by relisting the
specific numeric criteria. These states have promulgated additional or
more stringent criteria:

Alaska has an aquatic life criterion of 15 Mg/L for total hydrocarbons
and 10 Mg/L for total aromatic hydrocarbons in fresh and marine
surface waters (3016).

Arkansas requires that oil and grease shall not exceed 10 mg/L average
oi 15 mg/L maximum when discharging to surface waters (3587).

FLQ&IM
Florida requires that oil and grease not exceed 10 mg/L in Class V
waters (navigation, industrial use) and 5 mg/L for all other surface
waters (3220).

MASSACHUSETTS
Massachusetts requires that the maximum discharge concentration of
oil and grease of petroleum origin not exceed 15 mg/I. in surface
waters (3432).

Nebraska requires that petroleum oils not exceed 10 mg/L in surface
waters (3719).

NEW YORK
New York has set a maximum contaminant levcl of 50 jug/L for
kerosene in drinking water (3501).
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Marine Protection Research and Sanctuaries Act (MPRSA)
Ocean dumping of organohalogen compounds as well as the
dumping ot known or suspected carcinogens, mutagens or teratogens
is prohibited except when they are present as trace contaminants.
Permit applicants ar exempt from these regulations if they can
demonstrate that such chemical constituents are non-toxic and
nonbioaccumulative in the marine environment or are rapidly
rendered harmless by physical, chemical or biological processes in
the sea (309).

SOUTH DAKOTA
South Dakota has a water quality standard of 10 mg/L for all
petrolemn products in surface waters (3672).

VIRGINIA
Virginia has a water quality standard of I mg/L for petroleum
hydrocarbons in ground-water (3135).

WYOMNG
Wyoming has a water quality standard of 10 mg/L for surface waters,
and Class 1 and MI ground-waters. In addition, Class I domestic
•und-water is required to be virtually free of oil and grease (3853,

Promed Regulations
"* Federal Prograns

No proposed regulations are pending.

"* Staie Water Programs
No proposed regulations are pending.

MOST STAIES
Most states are in the process of revising their water programs and
proposing changes to their regulations which will follow EPA's when
they become final. Contact with the state officer is advised.
Changes are projected for 1989-90 (3683).

EEC Directives
Directive on Ground-Water (538)
Direct discharge into ground-water (i.e., without percolation through
the ground or subsoil) of organophosphorous compounds,
organohalogen compounds and substances which may form such
compounds in the aquatic environment, substances which possess
carcinogenic, mutagenic or teratogenic properties in or via the
aquatic environment and mineral oils and hydrocarbons is prohibited.
Appropriate measures deemed necessary to prevent indirect
discharge intn ground-water (i.e., via percolation through ground or
subsoil) of these substances shall be taken by member countries.

Jr
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* Directive on Fishing Water Quality (536)
Petroleum products must L't be prsent in salmornid and cyprinid
waters in such quantities that they: (1) form a vziible film on the
surface of the water or form coatings on the beds of vater-courses and
,lakes, (2) impart a detectable 'hydrocarbon' taste to fish and, (3)
produce harmful effc-ts in fish.

Directive on the Quality Required of Shellfish Waters (537)
The mandatory specifications for petroleum hydrocarbons specify that
they may not be present in shellfish water in such quantities as to
produce a visible film on the surface of the water and/or a deposit on
the shellfish which has harmful effects on the shellfish.

Direc.ten Discharge of Danrerous Substances (535)
Organohalogens, organophosphates, petroleum hydrocarbons,
carcinogens or substances which have a deleterious effect on the taste
and/or odor of human food derived from aquatic environments cannot

be discharged into inland surface waters, territorial waters or internalcoastal water without prior authorizadon from member countries
which iue emission standard& A system of zero- emissicn applies to
discharge of these substances into ground-water.

Dietv oll• c and Dangeros Wastes (542)

Any installation, establishment, or undertaking ,hich produces, holds
and/3r disposes of certain toxic and dangerous wastes including phenols
and phenol compounds; organic-halogen compounds; chrome
compounds; lead compounds; cyanides; ethers and aromatic polycyclic
compounds (with carcinogenic effects) shall keep a record of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used for disposing of such
waste.

Directive on the Classification. Packaging and Labeling of Dangerous
Substances (787)
Petroleum and coal tar distiFjates with flash points below 21 degree C
are classified as flammable substances and are subject to packaging and
labeling regulations. Because of the variable composition of other
petroleum and coal tar distillates (excluding those used as motor fuels)
they are considered preparations and their labeling shall be done in
accordance with the procedures outlined in the Directive relating to
the Classification Packaging and Labeling of Dangerous Preparations
(solvents).

EEC Directives - PLioop __.
Proposal fo, a Council Directive on the Dumping of Waste at Sea
(1793)
EEC has propo(1 that the dumping of crude oil, petroleum
hydrocarbons, iubricants and hydraulic fluids at sea be prohibited.
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65.1 MAJOR USES AND COMPOSION

65.1.1 Major Uics

"G-soline is a volatile mixture of flanmmable liquid hydrocarbons derived chieflyfrom crude petroleum and used principally as a fuel for internal combustion engines.

Consumption of gasoline by motor vehicles in this country was approximately 103
billion gallons in 1983, dowa from a peak consumption of 116 billion gallons in 1978
(1409).

65.1.2 Compouition

Automotive fasoline is composed of several hundred hydrocarbons in the range
of C, to C, and vith boiling points from approximately 30 C to 210 °C General
composition expressed as percent weight by compound category has been reported to
be: 49% to 62% aliphatic hydrocarbons (28-36% branched alkanes, 15-17%
n-alkanes, and 3-5% cycloalkanes), 1% to 11% olefinic hydrocarbons, 20% to 49%,
benzenes and alkylbenzenes and up to 1% naphthalenes (2320, 1843, 1849).

The concentrations of specific hydrocarbons in different gasoline samples are
highly variable and are expected to become even more variable as the availability of
leaded gasoline is reduced. For example, as reforming severity was adjusted to
achieve the required increase in octane levcls of unleaded gasoline pools, average
aromatic content increased from 22% in 1970 to 27% in 1980 and 1984; as leaded
gasoline is phased out, the aromatic content will increase further to 35%. Olefin
content also increased from 8% in 1980 to 11% in 1984 (2319).

The individual components of gasoline have been characterized by several
authors (2320, 2311, 1843). Table 65-1 summarizes the available hydrocarbon
composition data for various gasolines. Petroleum-derived distillates may also contain
many non-hydrocarbon components. Thtse may become major concerns in heavy
distillates and residues but are much less important in light distillates such as
automotive gasoline where only trace quantities of sulfur-, nitrogen-, and
oxygen-containing compounds have been detected. Large variations in trace element
concentrations were reported but no quantitative data were available (1843).

Automotive gasoline also contains a number additives used as octane
improv,,ers, antioxidants, metal deactivators, corrosions or icing inhibitors, detergents or
demulsifiers. A list of some of the chemical classes and specific chemicals that may
be used for these purposes is provided in Table 65-2.

-- rawr
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TABLE 65-I
COMPOSITION DATA (% W/W) FOR VARIOUS GASOLINES'

Super
H35rkErbon LcdeAd Unleaded' Unleaded'

n-Alkanes
C, 2.2 3.0 1.9

11.0 11.6 12.9
C 2.3' 1.2 0.2
C, 0.8 0.7 0.4
CI.-Cu 0.6 0.8 0.2

Branched AItiw-,es
C, 1.6 2.2 .1.2
CS 17.3 15.1 8.6
C, 9.7 8.0 6.2
C 2.7 1.9 1.4.
C, 2.0 1.8 8.7
C, 2.7 2.1 1.2
qo,-cu 0.51.1.

Cycloalkanes
C, 3.9 3.0 3.0
C7 i.0 1.4 0.2

C,0.6 0.6 0.2

•Olefins

C, 1.1 1.8 1.0

Aromatics
Benzene 3.9 3.2 4.4
Toluene 4.5 4.8 6.0
Xylenes 5.6 6.6 7.4
Ethylbenzene 1.2 1.4 1.4
Cq-benzenes 3.4 4.2 5.7
Cr-benzenes 5.6 7.6 5.8
Others 2.0 2.7 1.6

Unknowns 7.8 6.6 13.8

a) Reference 2320
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TABLE 6.5-2
GASOLINE ADDITIVES'

Ati-Knock Coronounds (leaded gasoling)

Tetraethyl lead (TEL)l
Tetramethyl lead (TML)
Methylcyclopentadienyl manganese tricarbonyl (MMIT)

Lead S!;a-vcn~in AMerts

Ethylene di'bromide (EDB)'

I,2-Dichloroethane

Octane Enhar.,:ers (unleaded gasoline)

Methyl t-butyl ether (NMTE)
t-Butyl alcohol (TBA)
Ethanol
Methanol

Antioxdidanu;

N,N' -Dial~kylj.'-enylenediamines
2,6-Dialkyl and 2,4,6-uialkylpho-nols
Butylated methyl, ethyl and dimethyl phenols
Triethylene tetraniine di(znononcnylphenolate)

Metal Deactivators

N,N'1 -Disalicylidene-1,2-ethanediamine
N,N' .DisaLicylidene-propanediamhie
N,N' -Disalicylidene-cyclohexanediamine
DisalicyIL-.i.-ne-N-methyl-dipropylene-triamine

lknitioi: Controllers

Tri-o-cresylphosphate (TOCP)b

Icine Inhibitors

I-oprolpyl Elcohol
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TABLE 65-2 - (Cont.)
GASOLINE ADDITIVES'

Alkylamine phosphates
Poly.isobutei.- amines
Long chain tikyl phenols
Long chain alcohols
Long chain carboxylic acids
Long chain amines

Corroion Inhibite..n

MIL.I-25017/QPL-25017'
Cafto~lic acids
Phosphoric acids
Sulfonic acids

a) References 1409, 2325, 2.326, 2327, 2328, 1847
b) Compounds addressed in other chapters of IRP Toxicology Guide
c) As cited in 2328

65.2 ENVIRONMENTAL FATE AND ECTOSURE PATIIWAYS

In this chapter, the discussions of the environmrntal behavior of gasoline will be
limited to a discussion of its major components, the environmcnta! behavior of the
trace elements and the many diverse additives will not specirically be addresvcd.
Many of the hydrocarox)n characteristics of g.)liire have been addrm',cd previouly
in the more extensive enviyoumental fate sectkn of the JP-4 chapter since these
hydrocarbons are common to tx-th petroleum fuels. The gencral discumions of
aliphatic and aromatic hydrocarbons and their bchavior in soi~grbund,.water systems

will not be repeated Lore; the reader is referred to the relevant oxctions of the JP-4
chapter.

Transport and transfo' -nation of individual gasoline conwituents %ill depend on
the, physkiochemicai (and biological) properties of the c-n'stituents. Some constituen's
w'l dissolve more quickly (in the percchtting gtound-waters), be sorbcd less strongly
on the soisl (thus being transported more rapkdly), and mtay be more or I.sC
sv.ceptible to degradation by chemical or biological action. The relative
coincentrations of the ,;ornstituents of the fuel will vary' %th time I,,d distance from
the site of contamination. ThLi effcct is called "weathcring.* (flii. term Ls, a1.0 u•,d
to describe the changes to oil following ipills into surface waters vhetr% flim spreading



AUTOMMTIVE GASOLINE 65-13

and breakup, and differential volatilization, dLslvh!tion and degradation arc all

involved)
65.11 TMamPOsl AMS" Mnd-water Sys~ez

A

65.21.1 Equl~~ium Pattmn Model. pritoig oe. o h

In general, soitlground-wottr transport ra,^wu:', for low concentrations of
"pollutants in soil can Ne ase by using an eq-iirium partitioning model. For the
purposes of assesing the environmental ti ansport of automotive gasoline, a group of
specific hydrocarbons was selected from the dom;ni,?nt hydrocarbon classes, i.e.,
alkaner, cycloalkans, and aromatics. Thcs¢ jpcc~I• c nmpounds were chosen on the
basis of their relative concentrations, and were tten"ded to span the boiling point
average of the gasoline hydrocarbons. Table 6-5-3 identifies the selected hydrocarbons
and presents the predicted partitioning of low uo): concentrations of t:iose
hydrocarbons among soil particles, soil water, and soil air. The portions &€.•u)ciated

::: ,ith .the water and si 'r ph&&" e of the soil arc expected to have higher mobility ta

Sthe adsorbed portion.

Esttimates for the unsaturated to-,Koil indicate that sorption is expected to be an
import-ant process for all the don.inant hydrocarbon categories. Partitioning to the

sod-vapor phjase is also expected to be important for the lower molecular weight
aliphatic hydroc~arbons (C, - C,), which are charactrzd yhh fxrr.uran
low water solubility. The alkyl benzenes have higher wnter solubilities and transxport
with infiltrating water may Ixe important for these€ compounds. volatilization, on the

other hand, may he less important. In saturated, deep soils (containing no soil air
and negligible soil organic carbon), a signif*.cant percnt of both aliphatic (particularly

less than C7 ) and aromatic hydrocarbons is predicted to be present in the soil-watcr

phase and availab!e fee transport with flowing ground-water.

In interpr,:ting these results, it musi be remermbered that this model is valid only
for low soil concentrations (1-low aqueous solubility) of the components. Large
releases of gasoline (spill%, leaking underground strrage tanks) may exceed the
sorptive capacity of the soil, thereby filling the ipore spaces of the soil with the fuel.
In this situation, the nydrocarNon mixture would move as a bulk fluid and the
equilibrium partitioning mrdx~cl wvouk no)t be applicable.

Overall, ground-weter underlying -,oil contaminated with gaisoline hydrocarbons is
expected to be vulnerable to ontamination by at lerAst some cf these compxonents.
The type of spill (surface v%. sub-surfae) is of particular importance, since
vola'ilization from the surface is expectrd to he a significant removal procems for low
molecular weight aliphatics. At thLs point, it nhould he mentioned that environmcntal
fateierposure/toxicollo chapters for several of the components in Table 65-3 arc

4!
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included in other sections of the IRP Toxicology Giuide. Thc gasoline components
addressed include: benzene, toluene, xylenes, ethyl benzene, and naphthalene. Major
gasoline additives (TOCP, tetraethyl lead, ethylene dibromide, andl ethylene
dichloride) are. addressed in other sections of the IRP Toxicology Guide.

65Z..12 Transport StuIS

Hundreds of thousands of underground gasoline 's:orage tanks are currently used
at service stations, commercial locations, residences, and petroleum depots; and almost
all the gasoline used for transportation purposes in the U.S. is stored underground at
least once before its intended use. Since it is possible for one gallon of gasoline
containing 1% bcnzene by volume to contaminate 10 million liters (2.69 million
gallons) of water to the drinking standard of I ppb, underground gasoline storage
tanks are a major environmental concern (2320).

Many authors have documented ground-water contamination as a result of
hydrocarbon spil-. For example, Osgood (2322) reported over 200 hydrocarbon spills
in Pennsylvania in a 2.5-year period; in that time, 14 public water supplies were
polluted or threatened, 104 wells seriously damaged, and one spill resulted in the
subsurface discharge of over 270,000 gallons of gasoline. Matis (2323) reported over
60 cases of ground-water contamination in Maryland ftom 1969 to 1970. Drinking
water contamination cau.ked by gasoline migration and subsequent penetration of a
subsurface water supply line has also been reported (2321); the most serious
contaminant was ethylene dibromide (EDB), a gasoline additive. EDB has been
reported to be present in leaded gasoline in sufficient quantities to constitute a threat
to ground-water following a gasoline discharge to the environment (2320).

Due to the exiensive use of gasoline and its potential for environmental release
during use, storage or transport, several groups have addressed it:; fate. The fate of
gasoline in the soil environment is basically a fiinction of the solubility, volatility,
sorption, and degradation of its major components. The relative importance of each
of these processes is influenced by the type of contamination (e.g., surface spill vs.
underground release, major vs. minor quantity), soil type (e.g., orgnnic content,
previous history of contamination), and environmental conditions (e.g., pH,
temperature, oxygen content).

Transport processes have bee, shown to be more significant than transformation
processes in determining the initial fate of petroleum hydrocarbons released to
soil/ground-water sytems (1845, 1848, 1846). For gasolire released to surface soil•s or
waters, transport to the atmosphere through volatilization is expected to be the
primary fate pathway; subsevqent atmospheric photolysis is expected t, be rapid
(1845). Spain et al. (1846) demons.rated that compounds having up to nine caw-ons
are weathered almost exclusively by evaporation; larger compounds were weathered
primarily by evaporation and bio>,-g'adation. Composition data for gasoline vapor
indicate that C, - C, aliphatic hydrocarbons are rapidly volatilized (2324).



65-16 AUTOMOTIVE GASOLIE

Under conditions of iEmited volatilization (low temperatures, subsurface release or
concentrated spill) downward migration into the soil and to the ground-water may be
important Several authors (1811, 2243, 2252, 2329) have reported that oil substances
released in signficant quantities to soils result in a separate organic phase that moves
downward through the unsaturated zone to the less permeable layer, the soil/ground-
water boundary, where they tend to accumulate and spread horizontally.

Some residual gasoline is left behind in the area through which the gasoline has
percolated; the residue tends to be more concentrated in fine sand than in the
coarser materisls (2329). Solubilized gasoline components may leach from residually
contaminated soils for long periods of time. Induced soil venting has been
demonstrated to be a rapid and efficient method for removal of gasoline trapped in
so& following a spill or leak (2320). The importance of subsurface volatilization of
gasoline components has also been demonstrated in an article by Yaniga (2330).
Volatilization of gasoline components from residual contamination and contamination
accumulated at the ground-water interface resulted in detection of gasoline vapors in
nearby basements.

The organic lsyer floating on the ground-water is carried in the general direction
of ground-water flow. At the oil-water interface, some hydrocarbons are leached
according to their aqueous solubility. The pollution caused by the hydrocarbon phase
is much less extensive (1(0-100s of meters) than pollution caused by hydrocarbons
dissolved in ground-water (100s-1000( of meters) (1811). Furthermore, the pattern of
migration of the hydrocarbon phase may be very different from that of the ground-
water. Due to fluctuations in ground-water elevation over time, the organic layer on
top of the aquifer may be transported into several zones where the. components occur
in the gaseous phase (able to diffuse in all directions, including upward), liquid ph&ae
(adsorbed onto rock particles or sealed under water) or dissolved/emulsified in water
(1811, 2329).

Migration through soils may be retarded to a minor extent by sorption.
Migration is expected to be fastest through previously contaminated soils where the
sotptive sites may be unavailable: on the other hand, soil-water content increases
sorption and slows i igration of hydrocarbons. In fissured rock, the migration of
hydrocarbons is much less uniform than in porous soils. Preferential spreading
through crevi=es, sometimes changing the di:ection of flow, may occur.
Determination of the potential ground-water contamination in fissured rock is' thus
very difficult (1811).

The water-soluble porzion of gasoline was shown to be almost entirely aromatic
(87-94%), even though the product itsetf wss almost Wv aliphatic; the aliphatic
hydrocarbovs cither volatilized or were essentially not water-soluble (1849). In deep,
saturated soils with no s,.il air, some low molecular weight aliphatics may be dissolhcd
in and transported %ith ground-water; however, the light aromatics represent the
greatest threat of contamination to ground-water supplies.
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In summary, the physical distribution of gasoline contamination affects its impact
on, and removal from, the soil elnvironmenL Lateral spreading along the surface
increases the initial contaminated are while facilitating evaporative removal of the
kow molecular weight hydrocarbons. Subsurface release or vertical penetration
mediated by gravitation and capillary forces decreases evaporation, reduces the
importance of some transformation pathways (see below), and may lead to ground-
water contamination.

65.7.2 Tramfcmatio Procies in SloWiound-waWe Systems

65.2,2.1 CbQia Transformation

No data were available on chemical transformation of gasoline in the
environment. However, as discu=d in Chapter 64, photooxidation has been reported
to play a significant role in the chemical degradation of some petroleum hydrocarbonb
in the environment (1845, 1848, 2252, 2259). Alkanes, benzenes, and
mono-substituted benzene% hrve been shown to be relatively resistant to photolysis in
aqueous systems; xiylenes pbotclyzed slowly while trisubstituted benzenes and
naphthalenes photolyzed at rates competitive with volatilization (1845). Penetration
of oil below the soil surface limits extposure to solar radiation while extensive lateral
spreading of oil over impermeable or rocky surfaces may promote substantial
photooxidative degradation. The oxygenated products of photooxidation are generally
more water-soluble than the parent hydrocarbons and are thus more likely to be
leached from soil; enhanced toxicity of the oxygenated hydrocarbons has also been
observed (2248, 2252).

652=2. Bk~ogical Degradation

Natural ecosystems have considerable exposure to petroleum hydrocarbons from
natural emissions, accidental contamination through oil spills and storage tank leaks,
and deliberate application to land in disposal activities such as land-farming waste;
therefore, their biodegradation is of zrnvironrental importance. Numerous authors
have observed the biodegradation of petroklum hydrocarbons, and several extensive
reviews and reports are available (1846, 222, 2255, 2249, 2253). An extensive and
diverse group of petroleum hydrocarbon-degrading bacteria and fungi are widely
distributed in the environment. The reader is referred to the. chapter on J.P4 for a
more detailed summary of the biodegradation of petroleum hydrocarbons.

The qualitative hydrocarbon content of petroleum mixtures largely determines
their degradabifity. In general, microorganisms exhibit de-creasing ability to degrade
aliphatic hydrocarbons with increasing chain length. n-Alkanes are considered more
eashy bi.degraded than branched or cyclic alknnes; aromatics are generally more
rapidly biodegraded than alkanes. The composition of gasoline suggests that most of
the aromatic specics will be highly biodegradable, and many of the aliphatic species
that are not volatilized will be moderately biodegradable. In a study of the
biodegradation of individcua, components of gasoline u.ing micrcorganisms isolatcd
from ground-.*4f,, the aliphatics and aromatics were shown to be sources of carbon

I Il+
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for Nocardia and Pscudomonas cultures, respectively (2331). Very few of the
remaining components supported bacterial growth; co-ovidation was suggested as a
possible mechanism for removal of non-growth components.

Although the microbiota of mott non-contaminated soils include many naturally
oxcurring hydrocarbon-degrading populations, the addition of petroleum selectiwvly
enrich•s that sector able to rdapt and utilize the new'substrate. Other environmental
factors shown to hsav a major effect on biodegradability are availability of oxygen and
moderate temperatures.

In summary, biodegradation of the petroleum hydrocarbons comprising
automotive gasolines is txpected to be rapid under conditions favorable for microbial
activity and when fuel components are freely available to the microorganisms.
Degradation may be limited and/or slow in environments with few degrading
organismn, low pH, low temperatures, and high salinity (e.g., arctic environments). It
should be mentioned that Walker et al (2257) state that even under optimum
conditions, total and complete biodegradation is not expected to occur except possibly
over an extremely long time period.

65.3 Maw" Routes of BExse from SolKround-Water Systems

"ITh above discussion of fate pathways suggests that the major components of
gasoline are bighly volatile but vary in their potential for bioaccumulation and
tendency to sorb to soil. They range from moderately to strongly sorbed to voil, and
their bioaccumulation potential ranges frow low to high. The variabilitv in the
properties of the components suggests they may have somewhat different potecrtial
exposure pathways.

Spills of gasoline would result in the evapcrative loss of the more highly volatile
components leaving those of lesser volatility in the soil. The fraction remaining in
the soil is expected to be relatively mobile and will be carricd by gravity to the
saturated zone of the soil. There, the more soluble components will dissolve into the
ground-water or form emulsions with it. These components are primarily aromatic
and lower molecular weight aliphatic compounds; in one study using unleaded
gasoline, approxima'ely 95% of the water soluble fraction was benzene and
substituted benzenes (2318). The insoluble fraction of gasoline floats as a separate
phase on top of .be water table.

The movement of gasoline dissolvcd in ground-water is especially important
because of its relative. ;olubility (173.200 mg/L (2287, 2297)). Furthermore, ;he
movemznt of dissolved hydrocarbons in ground-water is much greater than that of the
separate liquid phase, reaching distances of hundreds to thousands of meteis
compared to tens of meters for the movement of the separate phase. In the
presence of cracks and fissures, however, the Cow of the separate hydrocarbon ph,ýSc
is greatly enhanced. The movement of gasoline in ground-water may contaminiie
drinking water supplies, resulting in ingestion exposures. Ghound-water discharges to

surface water or the movement of contaminated soil particles to surface water
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drinking water supplies may also result in ingestion exposure and in dermal exposures
from the recreational we of these waters. The potential also exists for the uptake of
some gasoline components (e.g., naphthalene and methyluaphthalene) by fish and
domestic animals, which may also result in human exposures due to the
bioconcentration of these components.

Ground-water contaminated with gasoline can lead to inhalation exposures in
homes wuing this water. In one study of homes in Maine (2313), concentrations of
total benzene, toluene and xylene measured in air of the closed bathrooms while hot
showers were running were Z05, 3.15, and 30 ppm in homes with 5, 3, and 20 ppm,
respectively, of total hydrocarbons in their water. In the two homes with the highest
tonl concentrations, xylene accounted for roughly 63% of the concentration in air,
tol,.ne 29-32% and benzene 5-9%; in the other home 95% was bezene, the rest
toluene. The author of this study suggest.d that odor may be a sensitive indicator of
gasoline contaminatiou in water. In the houses with high hydrocarbon contamination,
an offensive odor was noticeable, especially during sampling (2313). Even though no
benzene, toluene or xylene was detected in the air of three nomes with less than 0.5
ppm total hydrocarbons in their water, in two of these homes gasoline odors were
present in the bathroom. However, a modelling study (2314) indikates that
petroleum-based pollutants (benzene, toluene' xylene) present in water at 5 to 50 ppb
- levels below detectable taste or odor thresbholds - may result in peak air
concentrations that cause mucous membrane irritation.

Volatilization of ghsoline hydrocarbons in so. is another potential source of
human exposure. This exposure pathway is likely to be more significant for gasoline
than other petroleum products because of its high volatility. Exposures may be more
intensive when the soil is contaminated directly from leaking underground storage
tanks and pipes, :'ather than from surface spills. In such cases, the more volatile
components do not have an opportunity to evaporate before penetrating the soil.
Once in the soil, the hydrocarbons evaporate saturating the air in the soil pores, and
diffusirg in all directions including upward to the soil surface. The vapors may
diffuse into the basement of homes or other structures in the area resulting in
inhalation exposures to the building's occupants.

65.24 Other Sources of Human Exposure
Data on ambient concentrations of gasoline in air and water as well as food and

drinking water are not readily available in the, literature. Exposure information on

specific componerts may be found in other chapters of the IRP Toxicology Guide.

The volatile nature of automotive gasoline suggests that inhalation may represent
a significant exposure path-way. The average concentrations of automotive gasoline to
which residents of communities near bulk tcrin.=?s, bulk plans and service stations

(employing no special controls) are exposed býe been ctimated as 1.41, 0.073, 0.026
ppm, respectively (2311). It should be empl;,,sized that these values are averaged
over a lifetime and in all cases the concent•'ations are estimated from emission rates.
Exposure to service station employees and individuals filling their tanks at self-service

L,
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operations are much higher. At one high-volume station, the mean concentration to
which an individual filling his own tank of gas was cqxpsd (for ten minutes) was 4.2
ppm (2283). In a study of gasoline vapor exposures at a single-island service station
in Raleigh, North Carolina, the exposure during refueling was predominantly to
volatile C, and C hydrocarbons (3074).

653 HUMAN HEALTH CONSIDERAT1ONS

65A.1 Animal Studes

653.1.1 Carcinogen~icity

Most. of the evidence regarding carcinogenicity of gasoline has been provided in a
study conducted by MacFarland et al. (3616) for the American Petroleum Institute
(APT). Reports of this study appear in several forms throughout the literature. A
chronic inhalation study of gasoline vapor was conducted in mice and rats; the
gasoline employed was unleaded, with the benzene content adjusted to 2%. Groups
of both sexes of B6CF, mice and Fischer 344 rats were exposed to gasoline vapor at
concentrations of 67, 292 or 2056 ppm for 6 hours pet day, 5 days per week for
periods ranging from 103 to 113 weeks. After as little as three months of exposure
to 2056 ppm, macroscopic Ilsions we-re evident in the kidney of male rats.
Microscopic observations included an increased incidence of renal disease with tubular
degeneration, regeneration or cystic dilatation among males exposed to 292 or 2056
ppm. At 24 months, an incre-ase in the occurrence of primary renal neoplasm was
seen in the male rats at all doses, with some evidence of a dose-response relationship.
In addition, a compound related increase in liver nodules and masses was seen in
female mice exposed to the intermediate and high concentrations. Histopathologic
examination revealed primary hepatocellular tumors (adenomas and carcinomas) in
these animals.

These unexpected findings of species and sex-specific carcinogenic effects were
not evident until lete in the study. To better understand the significance to human
health, the American Petroleum Institute contracted with Universities Associated for
Research and Education in Pathology, Inc. (UAREP) for assistance in interpretation
of the findings. The UAREP reviewed the chronic inhalation study, *old rat
nephropathy' syndrome, !%!d the basic morphological and functional similarities and
differences in the kidney% of the rat, mouse, and man (2299). This review concluded
that the significance of the hepatoceflular carcinoma in female mice was questior able.
The UAREP felt that otLer studies on different hydrocarbons demonstrated acute
toxic effects on the female liver including fatty metamorphosis, whereas these effects
were not reported in the API chronic inhalation study.

The finding of renal carcinoma in male rats was clearly significant. The lesions
were seen as early as 90 Jays and were dose-related. The lesions could be clearly
distinguished from the old rat nephropathy, which is composed of chronic lesions
involving all components of the kidney. However, administration of unleaded gasoline
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appeared to accentuate all the lesions characteristic of old rat nephropathy. It was
not poissible to evaluate the potential role of the superimposed old rat nephropathy
on the initiation, development, and progression of renal neoplasia induced by
unleaded gasoline. Thus the UAREP review concluded that:.

'The chronic inhalation study demonstrated that unleaded gasoline inhalation

produced acute, subchronic and chronic toxicity in the kidneys of male rats.
Simultaneously,there was the development of preneoplastic lesions and
ultimately the appearance of adenomas and adenocarcinomas in these inale
rats. The link betw-een acute and ctronic toxicity and carcinogenicity is not
clear, nor can it (be) determined from the data generat.d in this bioassay.
Although the pattern of acute and chronic non-neoplastic towc lesions is
somewhat unique for gasoline- related hydrocarbons, the Luorphological
appearance of the preneoplastic and neoplastic lo.-k-s is similar to that
produced by a number of renal carcinogers.'

Based on an evaluation of this chronic inhalation bioassay conducted by
MacFarland et aL (3616), the USEPA (3471) concluded that there is sufficient
evidence to conclude that gasolire vapors are carcinogenic in animals.

65.3.1.2 Gewtoacizty

Limited studies of unleaded gasoline have shown conflicting results. Unleaded
gasoline failed to induce reversion in the Ames Salmonella plate or suspension assays
performed with and without metabolic activation (2M00, 3391). In a test for the
induction of somatic mutations, Nylander et al. (3528) fed Drosophila larvae 1.0 and
2.5% gasoline (petrol) and found a significant increase in mutations affecting the
adult eye.

In cytogenetic studies, no chromosomal abnormalities were seen in the bone
marrow of rats treated intraperitoneally with unleaded gasoline (2300, 3391), nor were
sister chromatid exchanges increased in human lymphoblasts treated in vitro (2301).
When unleaded gasoline was tested in the L5178Y mouse lymphoma assay (3391) and
in a similF. assay employing a human lymphoblastoid line (2301), no increase in
mutation frequency was observed in either system.

A dose-related increase in unscheduled DNA synthesis (UDS) was observed in
rat hepatocytes treated in vitro with 0.05 to 0.10% (vN) gasoline, whereas these doses
were toxic in both mouse and human bepatocyte cultures (3408). Weak UDS activity
was observed in hepatocytes isolated from male and female mice treated 12 hours
previously by gastric intubation with 2 g unleaded gasoline/kg (3408). Because
unleaded gasoline induces kidney tumors, Loury et al. (3407) treated rai kidney cells
in vitro and rats in -iivo and did not observe an increase in unscheduled DNA
synthesis in these cells.

Unleaded gasoline did not induce dominant lethal mutations in sperm cells of
CD-I male mice (2300). The mice were exposed to gasoline vapors for 6 hours per

I,,
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day, five day5 per week for eight weeks prior to mating with untreated females.
Doses of 400 ppm and 1600 ppm did not cause any significant reduction in the
fertility of the treated males, nor was any significant increase in pre- or
post-implantatin loss of embryos noted. It should be noted; however, that deaths
occurred awmog the treated males during the treatment period (the cause and

nigfrcance are unknown).

653.IL3 Tastoenkity, Em~xywnicity and Reproductive Eflect

The American Petroleum Institute reported that rats exposed by inhalation to 400
or 1600 ppm of unleaded gasoline on gestational days 6-15 gave negative results in a
teratology study (3627).

65.3.1.4 Other Taxicoaoiýc _ects

653.1.41 Mxxt-Term Touiclty

Gasolines generally act as anesthetics. They are also mucous membrane irritants
(2). An oral LD5, of 13.6 g/kg was reported in the rat for unleaded gasoline. A
single dose of 18 g/kg produced 90% mortality. A significant degree of
gastrointestinal distress was observed. Necropsy revealed hemorrhagic gastroenteritis,
gastrointestinal tympani ard pneumonia with abscess formation (1924).

Acute anesthetic and toxic effects of gasoline' vapors were studied as early as
1921 in dogs. Central nervous system effects were observed at approximately 10,000
ppm, and death at about 25,000 ppm (2290).

Toxicity of a gasoline component mixture was evaluated in a short-term inhalation
study performed by Halder et al. (2292). A blend consisting of 25% (w/w) each of
n-butane, n-pentane, isobutane and isopentane was vaporized to more closely
approximate ambient exposure (in contrast to complete volatilization). Rats exposed
to 44, 432 or 437 ppm of vapor for 6 hours per day, 5 days per week for 3 weeks

showed no clinical signs of distress. No gross or histopathologic lesions were noted,
including in the kidneys. All other parameters of body and organ weights,
hematology or blood chemistry were within normal range.

Studies on the acute effects of gasoline ingestion by rats revealed nephrotoxicity
in male rats. Olson et al. (3535) provided male Fischer 344 rats with 0.04 to 2.0
mJ.kg body weight of urneaded gasoline by intragastric intubation once daily for 9
days. The unleaded gasoine caused reversible hyaline droplet formation (protein
resorption) in the py dximal convoluted tubules of the kidneys. This effect was
believed to be due to a hydrocarbon-induced defect in the degradation of renal
alpha2u-gjobulin, a protein syrthesized in the liver and excreted in urine, and was
obvious after a &;agle admini-tration of 2 mL'kg unleaded gasoline (3535).
Shale-derived distillate fuei has also been shown to produce this effect (2294). Over
a three day period, hepatic lesions and alterations in serum chemistry and hematology
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were noted. By fourteen days, lymphoid depletion in the thymus was observed, as
was congestion of multiple organs (2294).

Unleaded motor gasoline was slightly irritating to the shaved skin of New
Zealand rabbits after a 24 hour dermal exixure to 0.5 mL In a subacute dermal
study, doses of 25 to 8 mL.Ag were applied dally for a total of 10 days. No mortalily
was seen. Severe dermal irritation and weight loss were observed. Necropby revealed
prle and congested livers and kidneys (1924).

Gasoline containing tetraethyl lead caused no more injury than gasoline alone
when applied to rabbit eyes. A single drop applied without local anesthetic caused
discomfort and blepharospasm lasting several minutes. The conjunctiva became mildly
hyperemic but rapidly re-turned to normal. Ten drops applied during a 5 minute
period (after local anesthesia) caused blepharospasm lasting 15 minutes. The
conjunctiva became moderately edematous and hyperemic but recovery was prompt
and complete (19).

653,1.4.2 Cmcic Toxicity

To evaluate the long.term effects of gasoline inhalation, rats and monkeys were
exposed to either 284 or 1552 ppm unleaded gasoline vapors or 103 and 374 ppm
leaded gasoline vapor 6 hours per day, 5 days per week, for 90 days (2290).
Although vomiting was noted in certain monkeys after 2 weeks exposure, no
remarkable changes in body weight, hematology, or CNS responses were noted in
either species. Lead deposition in the liver, kidney, brain and blood were observed in
those animals treated with leaded gasoline. Upon histopathologic examination, male
rats exposed to 1552 ppm unleaded gasoline displayed regenerative epithelium and
dilated tubules in the kidnel.

Pulmonary changes in rats exposed to leaded gasoline vapor were reviewed by
Cooper (2296). Changes in male rats ranged from minor foci of interstitial fibrosis to
widespread sclerosis after 6 weeks exposure to 100 ppm. After eight weeks,
tachypnea and prostration were evident. Such observations were confirmed in female
rats similarly exposed. Ultrastructural changes emerged sequentially as degeneration,
hypertrophy and/or hyperplasia and finally development of interstitial sclerosis and
irregular alveolar collapse. A number of these changes are thought related to the
fact that gasoline vapor inhalation caused a decrease in pulmonary surfactant.
Surfactant, functioning to decrease surface tension and stabilize surface forces, was
reduced after only 5 days exposure.

Repeated exposure of albino rabbits eyes to gasoline vapor levels of 3 mg/L air
daily for 10 months has beeu reported to cause histologically recognizable
disturbances of the corneal and conjunctival epithelium. Fxposure to a vapor level of
616 ppm of a C, - C,_ fr-cction of a high octane motor fuel induced cataracts in 70%
of mexped rats. Exposure was for a total of 2424 hours. The petroleum fraction
was composed mainly of alkyl benzenes. It contained no naphthalene, a known
inducer of cataracts in animals (19).

a
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Other changes seen in animals after chronic gasoline inhalation include a
depression in body weight in ras and mice, a reduction in the incidence of cystic or
enlarged uteri of female mice, and mild multifocal, dose-related pulmonary
inflamiation in as (229).

653.2 Hman nd EjW# kibgic StAies

Before reviewing the adverse effects of gasoline on humans, it is important to
note that humaz expoture is considerably difTerent from that used in animal studies.
Due to ihe differential volatility of the hydrocarbon compounds present in gasoline,
the vapor produced under experimental conditrris dcc• not mimic ambient vapor
composition. The animals are exposed to completely ,-)!atilized gasoline whereas
human exposure is to partial volatiljatian. The larger hydrocarbons, which are less
volatile, are present in lower proportion in ambient vapors than in completely
volatilized gasotine. Thus, since certain subsets of the higher molecular weight
compounds are thought to be responsible for nephrotoxicity, it is likely that the
animal studies o'erestftnate the toxic effect in humans.

65.3.21 Short-term Toxcolooc Effrects

The primaryý mode of exposure to gasoline is by inhalation. The most common
symptoms of intoxication are headaches, blurred vision, dizziness and nausea (2).
Most of the adverse physical effects in humans have been documented by cases of
intentional gasoline inhalation or 'sniffing.' Absorption of the volatile components
acros the lungs is generally rapid and quite efficient. Levels as low as 500-1000 ppm
for 30 to 60 minutes can result in an euphoric condition consisting of ataxia
(decreased muwcle coordination), drowsiness and dizziness. Increased levels
(1000-3000 ppmn lead to irritation, headache, nausea, and vomiting. Levels in excess
of 5000 ppm can cause dizziness or deep anathesia within minutes, and occasionally
coma and death are reported (2277, 2284). In general, the euphoria, lethargy and
decreased sensory perception last several hours after exposure (2280). The
intoxicating feeling is believed to be due to the neurotox~ic effects of n-hexane and

the narcotic properties of the C, to Cq saturated hydrocarbons (2277).

Deaths from gasoline sniffing have rarely been reported. ln a study of 110
"sudden sniffing' deaths' occurring during the 1960's, 3.6% were thought to be
associated with gasoline inhalation. Sudden death hP.s been reported in an adolescent
who exercised after inhaling gasoline fumes while siphoning gasoline from a car.
Death was presumably from a cardiac arrhythmia induced by the fumes (1570).

Symptoms in severe oral intoidcation are mild excitation, loss of consciousness,
occasional convulsions, cyanosis, congestion and capillary hemorrhaging of the lung
and internal organs, followed by death due to circulatory failure. In mild czses,
symptoms irclude inebriation, vomiting, vertigo, dizziness, confusion and fever (12).
In adults, ingestion of 20-50 g may produce severe poisoning. One case of accidental
ingestion caused immediate severe burning of the pharynx and gastric region. After

i.
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immediatc gastric lavage, no general symptoms were noted. Liver funct'on tests were
slightly elevate., indicating hepatic daa3gC, which was piobably due to gaoline's !ipid
solubility. Another case of accidental ingestion of gasoline presented with nautea,
abdominal cramps and red-brown urine. Upon fur.,her investigations, acu te reversible
toxic injury was found to the upper portions of boN kidne-ys (2278). It should ýe
noted that ingestion can bc accompanied by aspiration. This can lead to chc;....1
injury, irritation to the lung and mucoal surfaces and generalized chemical
pneumoniti.. Symptoms are kthargy, moderate respiratory distress with laboratory
confirmation of teukocylcsis and increased serum levels of liver enzymes. Hypoxemia
(low blood ox)gen levels) accompanying aspiration pneumonitis accounats for the CNS
manifestation, rot direct CNS toricity of the gasoline. Most symptoms are reversible
within 48 hours (2279).

Dermal exposure to gasoline vapor and liquid is also possible. Considering the
physical/chemical properties of the volatile components, they should be readily
absorbed through the skin (2286). Liquid gasoline is irritating to the -kin. Prolonged
contact causes a chemical burn (2228). Hypcrscnsitivity may develop i' certain
individuals (54).

Exposure of volunteers to gasoline vapors indicated no ocular irritation at a
concentration of 140 ppm. Irritation of the eyes and throat was seen at vapor levels
of 270 to 900 ppm. If splashed into the eye, pain and irritation occurs, but there is
only slight, transient corneal epithelial disturbance (19).

653.2.2 M mn Tcuicooc Efects

The possible long-term effects of chronic inhalation of gasoline have been
reported as anorexia, weight loss, weakness and cramps (2284). The neurological and
encephalopathic effects seen in severe cases include incoordination and.tremors;
however, these effects appear reversible with therapy and cessation of exposure
(1570). Post-mortem findings of gasoline sniffers frequently show cerebral and
pulmonary edema; if death is delayed, necrosis of the liver and kidney is evident.

f"' The minor components of gasoline such as benzene, xylene and .etraethyl lead
contribute more to these chronic effects than do the aliohat'c hydrocarbons (2284,
2277).

Hunter et al. (22&2) conducted a study on a community of 500 American Indians
wilb prevalent gasoline abuse. The results showed increased mean blood levels
(;pecific components not reported) in women and fetuses and a high incidence of
mental retardation (4% of live births). This stud' suggested that the retardation was I
due to prenatal exposure to organic lead present in the gasoline vapors.

It has been clearly demonstrated that hydrocarbon fuels induce nephrotorxicity and
renal carzinogenicity in male rats. It has also been sh-own that unleaded gasoline
induces hepatocellular carcinomas in female mice. However, these agents have failed
to produce significant toxic or neoplastic chant,., in other major organs or in female
rats. The mechanism remponsible for the renal lesions in unknown at the pre,;ent
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time; however, research is currenrvy underway to assess the role of the male rat-
speciic protein, alpha.2u-gloiulir, in the initial formation of hyaline droplets and
tubular degeneration (3418). Because the etiology of this species- and sex-specific
nephrotoxicity is unknown, the question remains as to whether expoure to
bydrocarbon fuel vapors would produce iimilar effects in humans. The USEPA
reviewed 55 epidemiolokc studies to determine if an association existed between
gasoline exposure and human cancer rick (3471). Collectively, the studies provided
limited evidence that occupational exposure in the petroleum industry is a,.ociated
with certain types of cancer; however, it was concluded that the evidence for
evaluating the carcinogeric potential cf gasoline is inadequate under USEPA
guidelines. Comequently, based on sufficient evdence in animal studies and
inadequate evidence !n epidemiologic studies, the USEPA cla&ssified unleaded g,,oiine
a a probable human carcinogen, EPA category B2_

653.3 Toxkcokg of Gaoline Coomipocnts

A brief overview of the toxicology of the major hydrocarbon cA)mpon,.nts of
automotive gasoline (see Table 65-3) are summarized below. The acute toxicity
valuem for these components ae presented in Tahle 65-4.

Hexane may be the most highly toxic member of the alkanes. When ingested, it
causes nausea, vrrtigo, bronchial and general intestinal irritation and CN3 effects. It
also presertas an acute aspiration hazard. Acute eTxpsure occurs primarily through
inhalation. Non-specific symptoms, such as vertigo, hzadache, nausea and vomiting
are the first to be manifested. At high concentrations, a narcosis-like state appears as
a result of CNS deprcssion. Pre-rar:otic symptomys occur at vap)or cenccntrations
ra.ging from 1500-2500 ppm. n-lcxane irritates the eyes and mucous niembrancs.
These elfec..s can be seen after an exposure of AM0 ppm for 15 minutes. Skin contact
primarily causes fat removal and cutanccus irritatkn.

Chronic exposure to n-hcxane vapors caut.es peripheral neuropathy. 'T•e first
clinical sign of neural damage is a fecling of numbncm in the tlos and fingers.
Progression leads :o further symmetrical sen-ory impairment in the distdl portii.m. of
the extremities and Lt kw of muscular stretching reflcxes. Ultimately. svrnictnrical
muscular weAlkness di,-lop,,r chiefly in the distal poiriofl of the extremitics. ParalyVis
dcvtk)ps wiLt. variing drgrr" of• impaired rarsping anti walking. This may include
muscular atrophy (sernorimotor pxly-neuropathy). The d&-nelopment of
eitrophyrok)l•gcal changes parailels the sevcrity c,f t'ie clinical picture. In the most
severe cases, nerve comductivity is neutralized. In uowe cacs, cranial nerve
invcytvement is also ot.crved. After exvcure ceases, re:cvery begins within 6 to 10
months in mild to moderate casm, btt may take up to 3 years in se&ious cast's. The
threshold level at which neurvpathy occurs hu. not bern firmly estsht!Lhcd but
symptoms have heen obswrved in people exxvcd to co.nccntrations ranging from 10
to 20 ppm for 9 to 12 months.
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In animals, sigu of narcosis ax seen after mice are exposed to vapor levels of
16,001Ž ppm for 5 minutets. Death generally occurred at concentrations between
43,800 and 52,000 ppm after 9 to 11~9 minutes. The oral LD., is cited as 24 mL./kg
for 14-day-old rats and- 49 mL'Vg for young adult rats.

Long-term inhalation experiments in rats suggest that the first sig!13 of
neurotoxicity appear after they are exposed to levels of 200 ppm for 24 weeks. This
higher threshold'to induce neurotoxicity in animals may be due to differences in
metabolism. Spwcificafly, 2-hexanol is the chief mnetabolite in animals, while
245-bexanedione, which is neuruotzxc, predominates in man. Chronic topical
application of a solvent containing 35.2% n-bexane caused! axonal swelling and myclin
degeneration in chicks. No clinica signs were seen. Dosage was I g/kg,/day for 64
days. In rabbits, topical application of 0.5 mIJd'iy for up to 10 days caused redness,
irritation and scab formation. N-hexa.ie is neither carcinogenic or teratogenic. One
in vivo study in rats that inhale-d 150 ppmn for 5 days found an increased number of
chromosomc aberrations in the tone marrow cells. No studies on mutagenicity,
reproductive toxicity or carcinogenicity in man were found (12, 1930, 1935).

hedchlosof apcic asa t)fsoina~lJity to do fine work, a persistent
twt ofg~wineand in extreme ca~ses, lo--ss of consciousness. Inhalation, of up to 500

ppm pper.; o hve o efecton uman. "eryhigh* vapor concentrations are

iriaig__ h knan yt.Rpatdo prolonged skin contact &~iU dry and defat
skinresltig i iritaion (erati~s.TheLC, ir. the m ouse is estimated to be

to have neuroboxic properties (12).noepcd

j ~~~~Cyckohzcxane is a ON'S 1cpre~mrnt of lk toiiy yptoms of acute expoure
are excitement, koxs of equilibrium, stupor and coma. Rarely, death results due to
respiratory failure. The anenthe-sia, which is indliccd, is weak and of brief duration
t~tmore potent than that caused by hcxanc. The oral LD, in rabbits ranges from
' 5.5 to 6.0 g'krg. Within 1.5 hours the animals exhibited severe diarrhea. widcprcad
vascular damage and collapse. Degenerative kcsions were seen in the hc.irt, lung,
th.-r, kidney and brain. A one-thour vapor exposyure to 26, 752 ppm ciused rapid
narcosis and trrmor and was lethal to all exposcd rabbits. In mice, concentrations

4 causing narcosis vary from 14,600 to 122.(X.) ppm.
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TABLE 65-4
ACUTE TOXICITY OF COMPONENTS OF AUTOMOTIVE GASOLINE

Component LD)1  LDLC

n-henne 24-49 mLAg [rat] no data 33,000 ppm
(1935) .4 hr [rat]
M28710 mg,,'kg rat] (1935)
(1937)

octane no data no data no data

dodecane no data no data no data

isopentane no data no data 100 mg/L
[mouse] (12)

isooctan no data no data no data

• methylcyclopcntane no data no daia no data

methycyclohexane 2250 nwgfKg [rat] no data no data
(47)

cyclohexane 29,820 mgAg [rat] no data no data
(1935)

benzene 3800 mg/kg [rat] (59) wo daia 10,000 ppm

4700 mgi"g [rnou.,,•] 7 hr [rat]
(47) (47)

toluene 54300 mKg (ra*] (47) d2t124 ag/kg 5320 ppm
[rabbit( (47) 8 hr [mouse]

(47)

xylenes 4300 mgikg (rat] no data 5000 mpm
(47) •.4 hr [rat)

(47)

.ethyl benzene 3500 mg/Ag [rat] M00 mg,•g no data

(47) [rabbit] (59)

trimethylbenzenes no data no data 18 mg/,rn
-4 hr [rat]
(4')

1-methyinaphthleke 1840 mg/kg [rat] no data no data
(47)

2 methylnaphthalcne 16.30 mg/kg [rat] no data no data
(47)
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Cyclohexane is nominally abscrbed through the skin although massive applications
(>180.2 gJ~g) to rabbit skin resulted in microscopic changes in the liver and kidneys
and caused the death of all animals.

The danger of chronic poisoning is relatively slight because this compound is
almost completely climinated from the body. No toxic changes were seen in rabbits
epos to vapor levels of 434 ppm, 6 hours daily for 50 exposures, but some
microscopic change: were seen in the liver and kidneys when the exposure was to 786
ppm for the same period.

In man, no systemic poisonings by cyclohexane have been reported. A vapor
level of 300 ppm is somewhat irritating to the eyes and mucous membranes. It has
been reported that cyclohexane may potentiate the toxic effects of TOCP but no
additional details of this interaction are available (12, 17, 46, 54, 1937).

The primary effects of benzcne inhalation and ingestion are on the central
nervous system (54). Benzene is carcinogenic in both animals and man. Several
reports have established a relationship between benzene exposure and leukemia. For
more information, refer to the chapter on benzene in the Installation Restoration
Program Toxicology Guide.

Toluenc

Toluene is a CNS depres:sant with a low toxicity. For more information, refer to
the chapter on toluene in the Installation Restoration Program Toxicology Guide.

X.len"

Acute exposure to high concentrations of xylenc vapors may cause CNS
depression. Both the liquid and the vapor are irritating to the eyes, mucous
membranes and skin (46). The National Toxicology Program recently reported that
there was no evidence of carcinogenicity of mixed xylenes in either mice or rAts given
daily doses ranging from 250 to 1000 mgkg by gavage for 2 years (1939).

For more information, refer to the chapter on xylcnes in the Installation
Restoration Program Toxicology Guide.

Trmthvlberizenes

SThe trimethylbenzenes occur in 3 isomeric forms. The 1', 3, 5-iomer (mesitylene)
and the 1, 2, 4-isomer (F',rudocumene) are toxicologically similar. High vapor
concentrations (50)-L0X)0 'pcm) cause CNS depression in animals. L.A- of retlexcs
was seen in mice exposcd to 8130-9140 ppm of the 1, 2, 4-isomer .: 8130 ppm of th.e

A "-
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1, 3, 5-isomer. Rats cxpc"• to 1700 ppm of an isomeric mixture for 10-21 days had
no adverse effects or fatalities.

The fatal intraperitoneal dose of the 1, 2, 4 isomer for the guinea pig is 1.788
g/kg, while the fatal dose of the 1, 3, 5-isomer by the same route is 1.5-2 gg for the
rat. For the 1. 2, 3-isomer, an oral LDL. of 5000 mg/kg has been reported in the rat.
Trimethylbenzeue liquid is a primary skin irritant. Deposition into the lungs causes
pneumonitis at the site of coretact.

The only report of human exposure described symptoms of nervousne s, tension,
anxiety, asthmatic bronchitis, hypochromic anemia and changes in the coagulability of
the blood. Vapor concentrations ranged from 10-60 ppm. Exposure was to a mixture
containing 30% of tme 1, 3, 5-isomer and 50% of the 1, 2, 4-isomer (2, 12).

Naphthalene

Ingestion or prolonged inhalation of naphthalene produces nausea, vomiting and
disorientation. It is irritating to the skin and yes and prolonged vapor exposure has
led to cataract formation in humans (17). Hermolytic anemia is the most severe effect
associated with naphthalene exposure, but this effect is seen predominantly in
individuals with an enzyme deficiency (54).

Gasoline Additives

Additivcs used in automotive gasoline are listed in Table 65-2. The toxicological
information that was available is outlined below.

Tetraethyl lead (TEL)

Acute exposure to TEL caues symptoms of headache, anxiety, insomnia, fatigue
and appetite loss (38). The more severe effects are seizures and acute metabolic
encephalopathy, which is characterized by hallucinations, disorientation, violence and
paranoia (2277). The contribution of TEL to the short-term effects of gasoline
inhalation is not clear. It is not known if the amount inhaled during a single episode
of gasoline "sniffing' is sufficient to cause the hallucinations and behavioral changes
caused by TEL alone or :f TEL potentiates the short-term effects of other volatile
hydrocarbons present in gasoline; however, the long-term effects are currently
considered to be due to TEL (2277). The oral LDI, in the rat is 14 mg/kg (19).
More information can be found in the. ..bhpter on TEL in the Installation Restoration
Program Toxicology Guide.

T--tramethyl lead! affects the ne,,s system in animals and caues signs of

incrtas.ed irritability. Although a•ot documented, it is expected to produc psychosis,

mania and convulsions in humans (46). Iu the tat, an cral LDI, of 109 mg/kg was
reported- (47). It is likely that intoxication by tetramethyl lead will be similar to that
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caused by tetraethyl lead (46). Information on tetraethyle lead carn be found in the
chapter on that compound in the Installation Restoration Program Toxicology Guide.

Methldlc2v;cntadienvl man;'n=e tricarbonyl (MMII)

In its concentrated form, MW is highly toxic by all routes of exposure. The
primary site of action in animals is the CNS, where the effects of MMT are similar to
those caused by tetraethyl lead. The oral LD., in the rat is 50 mg/kg. Human
exposure data are limited. It is expected that when MMT is blended with fuels, it
has a low order of toxicity.

Concentrated MMT penetrates the skin readily. When 5-15 mL was spilled on z.
worker's skin, nausea, headache and giddiness resulted in a 2-5 minute period;
however, gasoline solutions are not as readily absorbed as the pure material (2, 1937,
1409).

Ethylne dibromide (EDB)

EDB is irritating to the eyes and mucous membranes. It also causes symptoms of
CNS depression. Acute exposures have resulted in lung, liver and kidney damage
(1745, 1759, 38, 54). EDB is carcinogcnic in rodents by oral, inhalation and dermal
routes (142, 1606, 1743, 17-14). ACGIH has classified EDB as a suspected human
carcinogen with a recommendation that exposure be avoided (3). The oral LD. in
the rat is 146 mg/kg (17..9). More infotination can be found in the chapter on EDB
in the Installation Restoration Progam Toxicology Guide.

12.-Dichloroethane

Acute ingestion or inhalation of 1,2-dichioroethane results in symptoms of CNS
depression, gastrointestinal upset and systemic injury to the liver, kidneys and lungs
(12). The oral LD, in the rat is 67C mg/kg (47). More information can be found in
the chapter on 1,2-dichloroethane in the Installation Restoration Program Toxicology
Guide.

Methvl-t-b•tvl ether (MTBE)

In rats, an oral LD,, of 4 mL/kg was reported (1937). In recently conducted
acute and subchronic tests, it was reported that MTBE caused a deepening of
barbiturate sleep, a reduction of spontaneous motor activity and reduced performance
connected vwith disturbances of the motor cowrdination system; however, the severity
of these effects does not indicate serio.:s toxic damage to the CNS. The study
concluded th3t MTBE *does not even minimally increase the neurologic effects with
respect to gasoline itself.' The level of exposure or the species that were tested were
not reported (2293).
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t-Butyl alcohol

At high concentrations, t-butyl alcohol causes narcosis in animals ard it is
expected to cause the same effect in humans. Other than slight skin irritation, no
effects have been reported from industrial exposure. The oral LDS* in the rat is 3500mg/kg (46).

Ethanol is irritating to the eyes and mucous membranes. It is also a CNS
depressant. The acute toxicity of ethanol is low for both animals and m.,n.
Overexposure causes ataxia, incoordinetion and drowsiness (2,46). An oral LD., of 14
g/kg was reported for the rat (47).

Meth-anol

Methanol causes optic neuropathy and metabolic acidosis. Poiso .ng has
occurred primarily from ingestion of adulterated alcoholic beverages. After ingestion
there is a latency period of 18 to 48 hours after which exposed individua'ns develop
symptoms of nausea, abdominal pain, headache and shortness of breath. Visual
symptoms range from blurred or double vision to changes in color perceptic.j,
constricted visual ficlds and complete blindness. Other symptoms of intoxication
include dizziness, behavioral disturbances, neuritis and acidosis. The degree of
"acidosis has been found to parallel the seierity of the poisoning. Evidence suggests
that exposure to vapor concentrations of 200-375 ppm causes recurrent headaches
and visual disturbances are seen at vapor levels of 1200-8300 ppm (2,46). An oral
LD, of 13 g/kg was reported in the rat (47).

Id-ortho-cresvl Rhosphate (TOC"P)

TOCP affects the spinal cord an.) peripheral nervous sysiem. Symptoms of acute
exposure, including nausea, vomiting, diarrhea and abdomital pain, are followed by a
latent period of 3 to 30 days. At this time, there is muscle soreness, numbness of
fingers, calf muscles and toes which progresses to fo)ot and wrist drop. The.se effects
are manifested after ingestion, inhalation or dermal absorption (54). An oral LD, of
1160 mg/kg has been reported in the rat (47). More information can be found in the
chapter on TOCP in the Installation Restoration Program Toxdcology Guide.

IsoLvropyl alcohol

Isopropyl alcohol has moderate narcotic properties. Ingestion causes CNS
depression and it is expected that sustained inhalation of high vdpor concentrations
will produce the same effect. It is also irritatirg to the eves and mucous membranes
(2, 46). An oral LD, of 5840 mg/kg was reported fo6 the rat (47).
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65.3A L'veh of Concer

The ACGIH (3005) ri'conmends an occupational exposure limit of 300 ppm for
automotive gasoline, with a short-term exposure limit of 500 ppm. The OSHA (3539)
has established a 8-hr TWA of 300 ppm and a 15-min STEL of 500 ppm.

No other criteria or standards have been established with regard to human health

and safety.

65.3.5 Hazard Asment

A single study (3616) on the potential carcinogenic effects of gasoline is available.
Mice and rats were exposed by inhalation to the vapors of unleaded gasoline
(benzene content, 2%), 6 hours per day, 5 days per week for two years. Exposure
levels ranged from 67 to 2056 ppm. Dose-related renal carcinomas were observed in
gasoline.eposed male rats. The significance of the sex-specific and species-specific
findings is undlear. Based on an evaluation of this chfonic inhalation bioassay
conducted by MacFirland et al (3616), the USEPA (3471) concluded that there is
sufficient evidence to conclude thzt gasoline vapors are carcinogenic in animals;
however, there is inadequate evidence from epidemiok-gic studies. Therefore, the
USEPA has classified unleaded gasoline as in Category B2, probable human
carcinogen.

Mutagenicity studies suggest no genotoxic effects for unleadcd gasoline (2-301,
2300, 3391, 3408). Negative teratogenic findings were also reported (2228), although
information is limited.

Animals studies indicate that kidney damage is the predominant toxic effect of
acute ingestion and chronic inhalation expcsure to unrladed gasoline (2290, 2294).
Pulmonary changes (fibrosis and sclersis) were also evident with inhalation exposure
(2296).

Humans exposed via inhalation to 500-1000 ppm gasoline for 30 to 60 minutes
develop ataxia, drowsiness and dizziness; levels of 1000-3000 ppm result in irritation,
headache, iausea and vomiting; exposure to greater than 5000 ppm can cause deep
anesthesia within minutes, and occasionally, coma and death (2277, 2284).

Ingestion of 20 to 50 g of gasolie may produce severe intoxicaticn in adults
(12). Symptoms of poisoning are similar to those noted above for inhalation
exposures.

65.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of the presence of automotive gasoline in soil and water requires
collection of a representative field sample and laboratory analysis for the specific
major components attributed to gasoline; however, the relative concentrations of the
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constituents, und even the constituents themselves, will vary with time and distance
from the site of initial contamination due to weathering. The major component
categories in automotive gasoline have been identified as the following:

branched alkanes

benzene and alkylbenzenes
naphthalenes

Since many of the components are highly volatile, care is also required to prevent
losses during sample collection and storage. EPA protocols for analysis of
constituents within these class sdictate that the samples should be collected in
airtight containers with no headspace. Anlybs should also be completed within 14
days of sampling.

A combination of capillary column gas chromatography (GC) and gas
chromatography/mass spectrometry (GC/MS) techniques may be used to identify the
principal components in automotive gasoline. Fuel samples, and probably any samples
collected in the field that are primarily organic in nature, may require the separation
(prior to GC or GC/MS analysis) of the aliphatic, monoaromatic and polycyclic
aromatic hydrocarbon fractions using liquid rolid column chromatography. The,
various column eluates, with or without dilution in carbon disulfide, can then be
analyzed by GC or GC/MS techniques. Aqueous samp!es need to be liquid-liquid
extracted with an appropriate solvent (Le., trichlorotrifluoroethane) prior to analysis;
solid saml "s would be extracted with trithlorotrifluoroethane using soxhlet extraction
or sonication methods (1422). An aliquot of the sample extract, with or without
concentration, is then analyztd by GC or GC/MS. Sampling and analysis
considerations for some specific components in gasoline, i.e., benzene, toluene,
xylenes, ethyl benzene and naphthalene have been addressed in Volume 1.

A purge and trap procedure for the determination of the total volatile
components of gasoline in water has also been reported (3059). Headspace analysis
of contaminated sou using an ion-mobility Ppectrometer (3193) and monitors based
upon laser-indu..ed fluorescence-optical-fiber detection (3127) have been described.
Since gasoline a&so has a distinctive gas chromatographic profile, pattern recognition
has been used to determine traces of fuel isolated from water (3689).

Alternatively, the 'oil and g-sase' content can be measured. This determination
would net be the measurement of an absolute quantity of a specific component, but
rather the quantitative determination of groups of components with similar physical
charazte.ristics (i.e., common solubility in trichlorotrifluoroethane). The "oil and
grease" content is defined as any material recovered from extraction with
trichlorotrifluoroethane and measured gravimetrically; extraction methods are those
descr'bed above for aqueous and soil samples.
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A detection limit for automot;ve gasoline was not determined; the detection limit
for specific components is expected to be in the range of ug/L for aqueous samples
and ;&g/g for non-aqueous sa;,aples.
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This chapter deals with a complex mixture andior class of compounds. The format used
for this less well-defined group of compounds was modified as necessary but follows the outline
of earlier chapters as closely as possible. It should be noted, however, that the composition of
these materials can vary according to the route of synthesis, the formulating ingredients added,
the interactions of the active ingredients, or the storage conditions. These factors can influezce
the nature of the material that is ultimately utilized and probably are reflected in many of the
experimental findings reported in the following chapters.

The typical components and approximate composition of the mixtures are provided if
that information was available. Physical/chemical properties often were not available or varied
depending on formulation. Many of these mixtures are blended to modify their Fhysical
properties according to the intended use. Furthermore, the formulations vary with season as
well as with geographic locations of prod.,ct use. In some cases, therefore, the range for the
class of compounds was given.

In addition to the data for the mixture itself, the chapter that follows also contains
sections on the principal components and major additives of the mixture, their fate in the
environment and a brief overview of their toxicity.

L



FUEL OIL 66-1

COMMON SYNONYMS: CAS REG. NO NIOSH NO.

Fuel Oil No..: 1 8008-20-6 OA5500000
Coal oil
Fuel oil ro. I
TP-I
Kerosene
Range oil

Fuel Oil No.: I-D'
Diesel oil (light)
Fuel oil 1-D

Fuel Oil No.: 2 68476-30-2 HZI800000
Diesel oil
Fuel oil no. 2
Home beating oil

Fuel Oil No.: 2-D'
Diesel oil (medium)
Fuel oil 2-D

Fuel Oil No.: 4" 68476-31-3
Fuel oil no. 4
Residual fuel oil no. 4

Fuel Oil No.: 5*
Fuel ,-K no. 5
Na-,y special fuel oil
Residual fuel oil no. 5

Fuel Oil No.: 6" 68553-00-4
Bunker c oil
Fuel oil no. 6
Residual fuel oil no. 6

Fuel Oil No.: UINSP LS8950000
Fuel oil

CHEMICAL COMPOSITION:

The composition given "Olefinic hydrocarbons 1.0% - 20%
in the record is for generic Aromatic hydrocarbons 35.0%
TUEL OIL. Aliphatic hydrocarbons 64.0%

x



66-2 FUEL OIL

I Physical State: Liquid (at 20'C) (60)
* Color: Colorless to brown (60)
* Odor. Kerosene-like (60)
0 Odor Threshold: No data
9 Density- 0.8100 to 0.9360 g/mL

(at 15*C)(range for 1,4,5, and ID) (60)
* Freeze/Melt Point: .48 to 18"C (60)
9 Boiling Point: 151 to >5M8"C
0 Flash Point: 38.00 to 74.00"C (12,51,60,

for various grades oi fuel oil No.1 504,506,507)
* Flammable Limits: 0.6-1.3% to 5.0 to (51,60,501,

PHYSICO- 7.50% for fuel oils 1-5 506)
CHEMICAL * Autoignition Temp.: 177.0 to 329.0"C (51,60,506,

DATA depending on grade for fuel oils 1-5 507,513)
(Fuel Oil 0 Vapor Pressure: 2.12-26.4 mm Hg

No. 1) (at 21"C) (60)
* Satd. Conc. in Air: No data
* Solubility in Water: -5 mg/L (at 20"C) (2297)
* Viscosity:. 1.152 to 1.965 cp (at 21"C) (60)
" Surface Tension: 21-32 dyne/cm

(at 2MCC) (60)
* Log (Octanol-Water Partition (See Table 66-3)

Coeff.): 3.3-7.06
e Soil Adsorp. Coeff.: 9.6E+02 to

5.5E+06 (See Table 66-3)
* Henry's Law Const.: 5.9E-05 to

7.4 atm. m'/mol (at 20"C) (See Table 66-3)
0 Bioconc. Factor: No data

[I



FUEL OIL 66-3

a Physical State: liquid (at 200C) (60)
0 Color. Colorless to brown (60)
* Odor~ Kerosene-like (60)
* Odor Thresbold: No data
* Density- 0.8100 to 0.9360 g/mL

(at 15-C) (60)
* Freeze/Melt Point: -48 to 18*C (60)
* Boiling Point: 151 to >588C (60)
0 Flash Point: Ranges from 38-74*C (12,51,60,504,

506,507)
0 Flammable limits: 0.6 to 7.5% (51,60,506,507)
0 Autoignition Temp.: 177.0 to 329.ffC (51,60,506,

PHYSICO- depending on grade for fuel oil 507,513)
CHEMICAL No. 1-5

DATA 0 Vapor Pressure: 2.12 to 26.4 mm Hg
(Fuel Oil (at 21*C) (60)
No. 1.D) 0 Saul. Conc. in Air: No data

* Solubility in Water: -5 mg/L (at 20*C) (2297)
* Vircoity- 1.152 to 1.965 cp (at 21*C) (60)
* Surface Tension: 21 to 32 dyne/cm

(at 20'C) (60)
0 Log (Oct-anol-Water Partition Coeff.):

3-3 to 7.06 (See Table 66-3)
9 Soil Adsorp. Coeff.: 9.6E+02 to

5.5E+06 (See Table 66-3)
* Henry's Law ConSt.: 5.9E-05 to 7.4 (Sex Table 66-3)
* Bioconc. Factor: No data



66-4 FUEL OE,

0 Physical State: liquid (at 20*C) (60)
* Color:. Colorless to brown (60)
* Odor. Kerosene-like (60)
* Odor Threshold: No data (60)
* Density- 0.8700 to 0.9500 g/mL

(at 20*C) (60)
o FreezeMelt Point: -48 to 180C (60)
* Boiling Point: 151 to >588C (60)
* Flash Point: Rangs from 38-74°C

for various grades of fuel oil
No. 1 to 69-169'C for grades of
fuel oil No. 5 (504,506,507)

* Flammable Limits: 0.60 to 7.50%
by volume (51,60,506,507)

* Autoigaition Temp.: 177.0 to 329.00C
depending on grade for fiel (51,60,506,

PHYSICO- oils 1-5 507,514)
CHEMICAL 0 Vapor Pressure: 2.12 to 26.4 mm Hg

DATA (at 21"C) (60)
(Fuel Oil 0 Satd. Conc. in Air: No data

No.2) a Solubility in Water: -5 mg/L
(at 20*C) (2297)

* Viscosity: 1.152 to 1.965 cp
(at 21rC) (60)

"* Surface Tension: 21-32 dyne/cm
(at 20*C) (60)

"* Log (Octanmi-Water Pa'rtition
Coeff): 3.3 to 7.06 (See Table 66-3)

"* Soil Adsorp. Coeft.: 9.6E+i02 to
5.5E+06 (See Table 66-3)

"* Henry's Law Const.: 5.9E-05 to
7.4 (See Table 66-3)

"* Bioconc. Factor: No data

!i

/



FUEL OEL 66-5

* Physical State: Liquid (at 20*C) (60)
* Color Colorless to bmown (60)
* Odor: Kerosece-like (60)
* Odor Threshold: No data
0 Density: 0.870 to 0.950 g/mL

(at 20*C) (60)
* Freeze/Melt Point: -48 to 18"C (60)
* Boiling Point: 151 to >588C (60)
0 Flash Point: Ranges from 38-74"C

for various grades of fuel oil No. 1 (12,51,60,504,
to 69-169'C for grades of fuel oil
No. 5 506,507)

PHYSICO- 0 Flammable limits: 0.6 to 7.5% (51,60,506,507)
CHEMICAL 0 Autoignition Temp.: 177.0 to 329.0"C (51,60,506,

DATA depending on grade for fuel oil
(Fuel Oil No. 1-5 507,513)
No. 2-D) 0 Vapor Fressure: 2.12 to 26.4 mm Hg

(at 21"C) (60)
o Satd. Conc. in Air. No Data
* Solubility in Water: -5 mg/L (at 20"C) (2297)
o Viscosity: 1.152 to 1.965 cq (at 21"C) (60)
0 Surface Tension: 21 to 32 dyne/cm

(at 20"C) (60)
0 Log (Octanol-Water Partiti Coeff.):

3.3 to 7.06 (See Table 66-3)
o Soil Adsorp. Cocff.: 9.62E+02 to

5.5E+05 (See Table 66-3)
0 Henry's Law Const.: 5.9E-05 to 7.4 (See Table 66-3)
* Biotonc. Factcr: No data



66-6 FUEL OIL

* Physical State: Liquid (at 2VC) (60)
* Color Colorless to brcwn (60)
0 Odor: Keroscne-like (60)
* Odor Threshold: No data (60)
* Density- 0.810 to 0.9360 g/mL

(at 15c) (60)
9 Freeze/Melt Point: -4'. to I13C (60)
0 Boiling Po-it: 151 to >5880C (60)
e Flash Point: Rauges from 38-74°C (12,51,60,

for various grades zf fuel oil 504, 506)
No. I to 69-169*C for grades of
fuel oil No. 5

* Flammable Limits: 0.60-1.3 to 5.0-7.5 (51,60,506,
/ PHYSICO- % by volume, for fuel oils No. 1-5 507)

2IHEMICAL 0 Autoign~tion Temp.: 177 0 to 329.0"C (51,60, 506
DATA depending on grade for fuel oil No. 507, 573)

(Fuel Oil 1-5
No.4) 0 Vapor Pressure: 2.12 to 26.4 mm Hg

(at 21-C) (60)
* Satd. Conc. in Air. No data
* Sol kbility in Water: -5 mg/L (at 20'C) (2297) /
* Viscosity- 14.50 to 493.50 cp (at 38"C) (60)
* Surface Tension: 21-32 dyne/cm

S(at 200C) (60)
0 Log (Octanol-Water Partition Coeff.):

3.3 to 7.06 (See Table 66-3)
* Soil Adsorp. Coeff.: 9.62E+02 to

5.5E+06 (See" Table 66-3)
* Henry's Law Cons:.: 5.9E.05 to 7.4 (See Table 66-3)
* Bioconc. Factor: No data

... ~ ~ - ~.I
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0 Physkit; State: Liquid (at 20"C) (60)
0 Color. Colorless to brown (60)
0 Odor. Kerosene-like (60)
0 Odor Threshold: No data
e Dcnsity: 0.8100 to 0.9360 g/mL

(at 15, (60)
* Freeze/Melt Point: -48 to 18*C (60)
* Boiling Point- 151 to >5r3C
# Rash Point: Ranges from 69-169TC for

various grades of fuel oil No. 5 (504,506,507)

PHYSICO- 0 Flammable Liraits: 0.6-1.3 to
CHEMICAL 5.0-7.5% bty volume for fuel oils (51,60,506,

DATA No. 1-5 507)
(Fue! Oil # Autoignition Temp.: 177.. to (51,60.506,

No. 5) 329.0C for fuel oil No. 1-5 507,513)
* Vapor Pressure: Z12 to 26.4 mm Hg

(at 21n' (60)
0 Satd. Conc. in Air: No data
0 Solubility in Water: -5 mg/L

(at 2ifC) (2297)
* Vixcosity: 14.50 to 493.5 cp (at 21"C) (60)
• Surface Tension: 21-32 dync/cm

(at 2(fC) (See Table 66-3)
Log (Octanol.Water Partition CocfT.):

3.3 to 7.06 (See Table 66-3)
• Soil Adsorp. Coeff.: 9.62E+02 to

5.5E+06 (See Table 66-3)
• Henry's Law Cormt.: 5.9E-05 to 7.4 (Sec Table 66-3)* Bioconc. Factor: No data

I,:~
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66-8 FUEL OIL

6 Physical S&ate: Liquid (at 200C) (60)
* Color: Colorless to brown (60)
* Odor: Kerosene-like (60)
e• Odor Threshold: No data
* Density:. 0.8700 to 0.9500 g/mL

(at 200C) (60)
0 Freeze/Melt Point: -48 to 18"C (60)
* Bciling Point: 151 to >5&8C (60)
0 Flash Point: No data
0 Flammable Linits: No data
0 Aitoignition Temp.: No data
0 Vapor Pressure: 2.12 to 26.4 mm

PI-YSICO- Hg (at 21,C) (60)
CHEMICAL 0 Said. Conc in Air: No'data

DATA 0 Solubility in Water: -5 mg/L
(Fuel Oil (at 20"C) (2297)

No.6) 0 Visco•iy: 14.50 to 493.50 cp
(at 39*C) (60)

0 Surface Tcnsion: 21.32 dyne/cm
(at 20WC) (60)

a Log (Octinol-Water Partition
Cocff.): 3.3 to 7.06 (See Table 66-3)

* Soil Adsorp Coeff.: 9.62E-02
to 5.5E+06 (See Table 66-3)

0 Henry's Law Const.: 5.9E-05 to
7.4 (See Table 66-3)

0 Bioconc. Factor: No data

j



FUEL OIL 66-9

* Physical State: Liquid (at 2.()C) (60)
0 Color.~ Colorle~s to brcfm ~ (60)
0 Odior. C.aracteristic keroscr.c-like (60)
* Odor Threshold: No date
* 1>-nsity. No data (60)
o Preeze/Meh Point: 4-43.0 to 18.00C (6C?)
* Boiling Point: 151.00 to >5880000 (60)
0 Flash Point: No daza (12,51,60,

304,506,507)
o flammable limits: No data (51,60,506,

507)
PHYSICO. 0 Autoignition Temp.: No data (51,60,506,

CHEMICAL 50,513)
DATA * Vapor Prutsure: 2.12E+00 to 2-64E+01

(Fuel Oil mm fig (at 21*C) (60)
UNSP) 0 Satd. Ccnc. in Aijr- Not available

0 Solubility in Water: -51 irnL' (at 20'C) (2297)
0 Viscosity- (60)

p0 Surface Tension: 2.100E+01 to
3.200E+01 dync/cm (at 20"C) (60)

0 L,)g (Oct-anol.Wate,- Partition (e al 63
Coeff.): 3.30 to 7.06 (e al 63

0Soil Mdsorp. Cocff.: 9.62E3+02 toI 5.50E+06 (See Table 66-3)
* Henry's Law Consi.: 5.90E-05 to 7.40

atm m'/mol (at 20'C) (See Table 66-3)j I Biocnc. Factor: Not available

Li



66-10 FUEL OIL

Various sources typically report that f~iel oils are
incompatible with strong cxidiers such as liquid chlorine
and oxygen. The NFPA reports vgorous reactions,
igaition, or expicsions involving chlorine, fluorine, or
magnesium perchlorate. Fcel oils are considered to be

REACTITvITY miscellaneous combustible or flammabie materials for
compatibility classification purposes. Such substances
typically evolve heat, fire, and toxic cr flammable gases
in reactions with oxidizing mineral acics, organic

Merowides or hydroperoxides, or strong oxidizing 3g.nts.
Reactions with explosive materials may result in an
cxplosion. (505, 507, 511).

Diesel oil hydrocarbons are expected to have moderate
mobility znd moderate persistence in most surface soils;
pcrsistcnce in deep soils and groundwater may be

higher. Volatilization, sorption, photooxidation, and
biodegradation are all potential fate processes. Surface
spills may be weathered to a limiied extent by
evaporation; downwa-d migration of weathered surface

PERSISTENCE spills and sub-surface discharges represent a potential
IN THE SOIL- threat to underlying groundwater. Biodegradation of

WATER fuel oil hydrocarbons is expected to occur under
SYSTEM environmental conditions favorable to microbial

oxidation; naturally-occurring, hydrocarbon-degrading
microorganisms have been isolated from polluted soils
and, to a lesser extent, non-polluted soils. The
hydrocarbons of residual fuel oils are expected to be less
mobile (lower aqueous solubility, higher sorption and
klwer volatility) and more persistent (slower
biodegradation) than the lighter diesel oil hydrocarbons.

If
The primary pathway cf concern from the soil/ground-
water %ystem is the migration of fuel oils to ground

PATHWAYS water drinking water supplies from leaking underground
OF storage tanks or large spills. Vapors from leaked or

EXPOSURE spilled fuels may diffuse through soil and migrate into
structure, resulting in inhalation exposures.

*1

Io

Lii
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FUEL OIL 66-11

Signs Y~nd Symptoms of Short-term Human Exposure:
L1~54)

Dhe primary systemic effect is CNS depression.
Inhalation of high concentrations mat cause headache,
nausea, confusion, drowsiness, convulsions and coma.
Ingestion may cause nausea, vomiting and in severe
cas&c-.dro%,sness progressing to coma. Aspiration may
cause extensive p~lzmonar-y injury. The liquid may
produce primary skin irritation. Decrmal absorption may
induce nephropatby. Minimal eye injury from direct

HEALTH contact.
HAZARD

DATA Acute Toxicity Studies

ORAL
LD, 5 1-20 g/kg Rat (1924)

Long-Term Effects: Kidney damage (animals); CNS
deRL~sion and e-ermatoses (humans)
PregnancvLigonate Data:ý Negative
Gcnotoxicitv Data: Limited evidence
Carcinogeniicity CLasiicatior:
IARC - None assigned
NTP Equivocal evidence for carcinogenicity of marine

diesel fuel in B6C3F, mice.
EPA -No data

No specific respirator guidelines were found for fuel oils.
Th: following guidelines are for kerosene with a boiling
range of 175-325*C * Less than or equal to 1000
mg/rn': chemical cartridge respirator Aifth half-mask
facepiece and organic vapor cartridge or supplied air

HANDLING respirator with half-mask facepiece operated in demand
PRECAUTIONS mode 0 1000-5C00 mg/rn': gas mask with full

(1967) facepiewe and organic tanister, supplicd-air respirator
with full facepiece or self-contained breathing apparatu~s
with full facepiece oper!-ted in dem~and mode0
Appropriate protective clothing including gloves, aprons
and boots * Chemkial goggles if there L% probability
of eye contact.



66-12 FUEL OIL,

ENVIRONMENTAL AND OCCUTPATIONAL STANDARDS AND
CRTIERI-A

ArR EXPOSURE LIMITS :

Standards
0 OSHA TWA (8-hi): petroleumn disti~lates; (naphtha)-400 ppm

*0 AFOSH PEL (8-hu- TWVA): petroleum distillates (naphtha)-400 ppm;
STEL (15-min): 500 ppmn

* Criteria
0 NIOSH IDLH (30-min): petroleum distillates (naphtha)- 10,000 ppm
o NIOSH REL TWA (10-hi): petroleum distillteS (naphtha)-350 mg/rn 3

* NIOSH CL (15-min): petrolium distiflates (naphtha)-1800 mg/rn3

0 ACGIH TLV®& (F?-hr TWA): petroleum distillates (naphtha)-none
* establis-hed

0 ACGHI STEL (IS-min TWA): petroleum distillates (naphtha)-none
* established

WATER EXPOSURE LIMITS:

Drinkin2 Water Standards
None establishe~d

EPA Health Advisories and Cancer Risk Levels
None established

t WHO Drinkini! Water Guideýline
I No information available.

EPA Ambient Water Quairv Criteria
0 Human Health (355)

-No criterion established; fue! oils arc not a priority pol~utant.

0 Aquatic Life (355)
-No critt-rirn established; fuel oils are not a priority pollutant.

REFERENCE DOSES:
No reference dose ava'!hjle.

For domestic water supply: Virtually firee from oil and grease, particularly

from the Wtaste and odo-s that emanate from petroleum products.
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA (Cont.)

For aquatic life:

To protect several important freshwater and marine species, each
having a demonstrated high susceptibility to oils and petrochemicals,
the lowest continued flow 96-hour LC, should be reduced a
hundred-fold.

levels of oils or petrochemicals in the sediment which cause deleterious
effects to the biota should not be allowed;

surface waters shall be virtually free from floating non-petroleum oils
of vegetable and animal origin as well as petroleum-derived oil.

REGULATORY STATUS (as of 0-MAR-89)

Promul~ated Regulaons
0 Federal Programs

Clean Water Act (CWA)
Oil and grease are designated conventional poilutants under the CWA
(351). Effluent limitations for oil and grease exist in almost point
source categories under the general pretreatment regulatioms for new
and existing sources, and effluent standards and guidelines. Limitations
vary depending on the type of industry (3763).

Toxic Substances Control Act (TSCA)
Manufacturers and processors of the C, aromatic hydrocarbon fraction
must test it for neurotoxicity, mutagenicity, developmental toxicity,
reproductive effects and oncogenicity. The C" fraction is obtained from
the reforming of crude petroleum. It consists of ethyltoluenes and
trimethylbenzenes (1988). Testing will be conducted by the American
Petroleum Institute. Interim reports must be submitted at 6-month
intervals (1987).

Marine Protection R-search and Sanctuaries Act (MPRSA)
Ocean dumping of organohalogen compounds as well as the dumip>.g
of known or suspected carcinogens, mutagens or teratogers is
prohibited except when they are present as trace contaminants. Permit
applicants are exempt from these regulations if they can demonstrate
that such chemical constituents are non-toxic and nonbioaccumulative
in the marine environment or are rapidly rendered harmless by
physical, chemical or biological processes in, the sea (309).

J)! i''
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Occupational Safrty and Health Act (OSHA)
Employee exposure to petroleum distillates (naphtha) shall not exceed
an 8-hour time-weighted average (TWA) of 400 ppm (3539).

Hardous Materials Transortation Act (HMTA)
The Department of Transportation has designated fuel oils as
hazardous materials which W. subject to requirements for packaging,
labeling and transportation (305).

0 State Water Programs
'ALLIAE
All states have adopted EPA Ambient Water Quality Criteria and
N'PDWRs (see Water Exposure Limits section) as their promulgated
state regulations, either by narrative reference or by resting the
specific numeric criteria. These states have promulgated additional or
more stringent criteria:

ALASKA
Alaska has an aquatic life criterion of 15 pg/L for total hydrocarbons
and 10 pg/L for total aromatic hydrocarbons in fresh and marine
surface waters (3016).

ARAESAS
Arkansas requires that oil and grease shall not exceed 10 mg/L average
or 15 mg/L maximum when discharging to surface waters (3587).

ELOWMA
Florida requires that oil and grease not exceed 10 mg/L in Class V
waters (navigation, industrial use) and 5 mg/L for all other surface
waters (3220).

MASSACHUSEM'S
Massachusetts requires that the maximum discharge concentration of
oil and grease of petroleum origin not exceed 15 mg/L in surface
waters (3432).

NEBRASY
Nebraska requires that petroleum oils not exceed 10 mg/L in surface
waters (3719).

NEW YORK
New York has set a maximum contaminant level of 50 Ag/L for
keroene in drinking water (3501).

__.__DAKOTA
South Dakota has a water quality standard of 10 mg/L for all
petroleum products in surface waters (3672).

VFRGINIA
Virginia has a water quality standard of I mgIL for petroleum
hydrocarbons in ground-water (3135).

LI
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WYOMING

Wyowing has a water quality standard of 10 mg/L for surface waters
and GM 11 and III ground-waters. In addition, Ciass I domestic
ground-water is required to be virtually free of oil and grease (3853,
3852).

Protosed Regplations
"* Federal Programs

No federal regulations are pending.

"* State Water Programs
No state regulations are pending.

MOST STATES
Most states are in the process of revising their water programs and
proposing changes to their regulations which will follow EPA's changes
whea they become final. Contact with the state officer is advised.
Changes are projected for 1989-90 (3683).

EEC Directives
Drtwive on Ground-Water (538)
Direct discharge into ground-water (i.e., without percolation through
the ground or subsoil) of organophosphorous compounds,
organohalogen compounds and substances which may form such
compounds in the aquatic environment, substances which possess
carcinogenic, mutagenic or teratogenic properties in or via the aquatic
environment and mineral oils and hydrocarbons is prohibited.
Appropriate measures deemed necessary to prevent indirect discharge
into ground-water (i.e., via percolation through ground or subsoil) of
these substances shall be taken by member countries.

girective on Fishing Water Quality (536)
Petroleum products must not be present in salmonid and cypr'nid
waters in such quantities that they: (1) form a visible film on the
surface of the water or form coatings on the beds of water-courses and
lakes, (2) impart a detectable 'hydrocarbon" taste to fish and, (3)
produce harmful effects in fish.

Directive on the Quality Required of Shellfish Waters (537)
The mandatory specifications for petroleum hydrocarbons specify that
they may not be present in shellEfi'h water in such quantities as to
produce a visible film on the surface of the water and/or a deposit on
the shellfish which has harmful effects on the shellfish.
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Directive on the Discharge of Dangerous Substances (535)
Organohalogens, organophosphates, petroleum hydrocarbons,
carcinogens or substances which have a deleterious effect on the taste
and/or odor of human food derived from aquatic environments cannot
be discharged into inland surface waters, territorial waters or internal
coastal waters without prior authorization from member countries
which uisue emission standards. A system of zero- emission applies to
discharge of these substances into ground-wpter.

Directive on Toxic and Dangerous Wates (542)
Any installation, establishment, or undertaking which produces, holds
and/or disposes of certain toxic and dangerous wastes including phenols
and phenol compounds; organic-h-logen compounds; chrome
compounds; lead compounds; cyanides; ethers and aromatic polycyclic
compounds (with carcinogenic effects) shall keep a record of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used for disposing of such
waste.

Directive on the Classification. Packaging and Labelin2 of Daneerous
Substances (787)
Petroleum and coal tar distillates with flash points below 21 degree C
are classified as flammable substances and are subject to packaging and
labeling regulations. Because of the variable composition of other
petroleum and coal tar distillates (excluding those used as motor fuels),
they are considered preparations and their labeling shall be done in
accordance with the procedures outlined in the Directive Relating to
the Classification Packaging and Labeling of Dangerous Preparations
(solvent).

Directive on Disposal of Waste Oils (1986)
Establishments collecting and/or disposing of waste oils must carry out
safe collection and disposal of waste oils so that there will be no
avoidable risk of water, air or soil pollution. A permit from the
competent authonty must be registered and adequately supervised for
collecting, disposing or regenerating waste oils. PCBs and PCTs must
not be present in amounts greater than 50 ppm in regenerated waste
Uil.

EEC Directives - Propse.d
Proposal for a Ccmncil Directive on the Dumpin2 of Waste at Sea
(1793)
EEC has proposed that the dumping of crude oil, petroleum
hydrocarbons, lubricants and hydraulic fluids at -sea 1e prohibited.

Li
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66.1 MAJOR USES

Fuel oils have various uses for which they are specifically formul ted. Fuel oil
number I is used almost exclusively for domestic heating. Fuel oil nu ber 2 is used,
as a general purpose domestic or commercial fuel in atomizing type b rners. Number
4 oil is used in commercial or industrial bvrner installatiors not equipp with
preheating facilities. Numbers 5 and 6 are used in furnaces and boiler of utility
power plants, ships, locomotives, metallurgical operations and industrial power plants
(23).

Diesel fuel is available in different grades. Number I-D is used fpr engines in
service requiring frequent speed and load changes. Number 2-D is used for engines
in industrial and heavy mobile service while number 4-D is used in low and medium
speed engines (2342).

66.1.2 Composition

The discussion of fuel oil in this section largely focuses on diesel fuel. Limited
information on residual fuel oils, which are generally defined as the priduct remain-
ing after removal of the appreciable quantities of the more volatile components, is
included, but environmental fate data are not specifically addrec.sed. Residual fuel
oils are expected tu be extremely complex in composition, with higher concentrations
of the many high molecular weight asphaltic compounds and impuritiý present in the
original crude oils. Available data suggest sulfur values ranging from 0.18 to 4.36%
by weight; trace element data indicate that concentrations of many eIe nents vary by
one or more orders of magnitude, as shown in Table 66-1 (1843). The environmental
transport and trarsformation of the high molecular weight organics is expected to be
minima! and is not addressed in detail. 7

I
.Diesel fuel is usually that fraction of petroleum that distills after k~erosene in the

20(YC to 400'C range. Several commercial grades of diesel fuels are obtained by
blending various feedstocks to achieve established specifications. Due. to differences
in feed stocks, refining methods, and blending practices, the composition of diesel fuel
samples is expected to be highly ,ariai+f. Sulfur content has been reported to vary
by several orders of magnitude (0-0.57% by weight); similar variations have been
docu,,iented for a number of trace elements, as shown in Table 66-1 ( 843).

Diesel fuel is predominantly a mixture of C2, through C,, hydrocar ns. Com-
, position by chemical class has been reported to be approximately 64% aliphatic

hydrocarbons (straight chain alkanes and cycloalkscr.es). 1-2% olefinic hydrocarbons
and 35% aromatic hvdrocarbons, including ali " .zenes and 23 ring aromatics
(1847). Other authors have reported a some...at lower aliphatic content (1849). As
discussed in the Chapter on JP-4, petroleum distillates may contain many

4 I

• .L -.
.. .. =. . . .7o,



/

66-18 FUEL OIL

TABLE 66-1
TRACE ELEMENT CONTENT IN PETROLEUM-DERIVED FUEL OILS*

Range of Eleven Range of Six Domestic
Residual Oils Diesel Fuels

Arsenic <0.01 - 2.0 0.012- 0.13
Beryllium <0.0023 - 0.22
Cadmium <0.01 - 0.83 0.089- 0.89
Chromium 0.09 - 1.9 0.55 - 2.8
Iron 3.8 - 71.0
Lead <0.49 - 2.0
Manganese <0.0095 - 27 0.29 . 6.2
Mercury 0.007 0.17
Molybdenum <0.01 1.1 0.018 - 0.27
Nickel 6.0 - 51 <6.1 - 23.0
Selenium 0.02 -. 4.2
Vanadium 1.0 - 110 <0.06 - 0.16
Zinc 1.3 4.8

a) Reerence 1843
b) ppm by weight

non-hydrocarbon comporients in varying concentrations.

Fuel oils also contain a ntmber of additives used as ignition improvers, combus-
tion catalysts, antioxidants, flow improvers, metal deactivators, detergents and
demulsifiers. Many compounds added to fuel oils are similar to those Added to
gasoline. A list of some of the chemical classes and specific chemicals that may be
added to diesel fuel is provided in Table 66-2.

66.2 ENVIRONMENTAL Ft lE AND EXPOSURE PATHWAYS

A d;;ussion of the e 1vironmental behavior of fuel oil is limited by the lack of
dai., .ef¾aing its major components. The environmental behavior of hydrocarbons
selected from the major classes will be addressed; however, trace elements and the
many diverse additives wifl not be specifically addressed. Many of the hydrocarbons
characteristic of d~esel fuel have been addressed previously in the more extensive
environmental fate section of the JP-4 chapter since these hydrocarbons are common
to both petroleum fuels. The general discussions of aliphatic and aromatic hydro-
carbons and their behavior in soillground water systems wil not be repeated here; the
reader is referred to the relevant sections of the chapter on JP-4.

./ 4.
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TABLE 66-2
COMMON ADDITIVES IN DIESEL FUELS

Igaition Imnrovers (ctane Improvers")

Alkyl nitrate and nitrites (C -CQ)
primarily octyl nitrate

Nitro and nitroso compounds
Peroxides

Combustion CatalvstsDevosit Modifiers

Organometallics of barium, calcium, manganese,
and iron

Mn, MnO
Mg, MgO, MgO2

Antioxddants

N,N' -Dialkylphenylenediamines
2,6-Dialkyl and 2,4,6-trialkylphenols

Cold Flow Improvers

Ethylene vinyl acetate copolymers
Ethylene vinyl chloride copolymers
Polyolefins
Chlorinated hydrocarbons

Metal Deactivators

N,N-Disalicylidene-alWyldiamines

Deterzents/Dispersants

Long chain alcohols
Long chain amines
Long chain alkyl phenols;
Long chain carboxylic acids
Sulfonates
Succinimides

Source: References 2326, 2327, 2335, 2336
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M.2.1 Equibrium Partitioning Model

In general, soil/ground water transport pathways for low concentrations of
pollutants in soil can be assessed by using an equilibrium partitioring model. For the
purposes of assessing the environme -I.al transport of diesel fuel, , group of specific
hydrocarbons was selected from the dominant hydrocarbon classes-, i.e., alkanes,
cycloalkanes, and aromatics; there were no available data to confrm the presence of
the selected compounds in a typical diesel fuel sample. Table 66-3 identifies the
selected hydrocarbons and presents the predicted partitioning of low soil concentra-
tions of those hydrocarbons among soil particles, roil water, ani , i1 air. The
portions associated with the water ard air phases of the soil are expected to have
higher mobility than the adsorbed portion.

Estimates for the unsaturatLc topsoil indicate that sorption is experted to be an
important process for all the dominant hydrocarbon categories. Partitioning to the
soil-vapor phase is much less important than for other petroleum distillates since
many of the lower molecular weight aliphatic hydrocarbons 'C, - CQ) characterized by
high vapor pressure and low water solubility are not expected to be major com-
ponents of diesel fuel. The aromatics have slightly higher water solubilities and
transport with infiltrating water may be more important for these comrounds.
Volatilization, on the other hand, is not expected to be important. In saturated, deep
soils (containing no soil air and ncgligifoe soil organic carbon), a significant percent of
the aromatic hydrocarbons is predicted to be prc;sent in the soil-water phase and
available for transport with flowing ground water. Partitioning .o the air and water
phases is expected to be even less important for the organic components of residual
fuel oils compared to components of diesel oil. Sorption to soil particles is expected
to be significant.

In interpreting these results, it must be remembered that this .nodel is valid only
for low soil concentrations (below aqueous solubility) of the components. Large
releases of diesel fuel (spills, leaking underground storage tanks) may exceed the
sorptive capacity of the soil, the;eby filling the pore spaces of the soil with the fuel.
In this situation, th,: hydrocarbon mixture would move as a bulk fluid an,' the .

equilibrium partitioning model would not be applicai'le.

66922 Transport and Tran.formatio Pm ess

Transport and transformation of individual fuel oil constituents will depend on
the physicochemical (and biological, properties of the constituents. Some constituents
will dissolve more quic-0y in percolating ground water; be sorbeJ less strongly on the
soils and t'7s tran~ported more rapidly; and may b.ý! more or less susceptible to
degrddation by chemical or biological actiou. Thus, the relative concentrations of the
co rAstituents of the fuel will vary with tLne and distance from the site of contamina-
tion. This effect is caded 'weathering". (This terin is also used to descnrie the
changes to oil following spills into surface waters. The oil film spreads and breaks
up, involving differential volatiiization, dissolution and degradation.)

S....



.~~~~~o ..

FUEL OIL 66-21

•. • •0. '

- .- -

m W"

9 9

--- ..-. C O

.l

,•- • F- z• < *•" :"•

z C4

-0

Cat

-~ ~ ~L-I-4
be UU U

o* cA2



66-22 FUEL OIL

Transport processes have been shown to be more significant than transformation
processes in determining the initial fate of lower molecular weight petroleum hydro-
carbons released to soil/ground water systems. However, due to the lower water
solubilities and lower vapor pressures of the higher molecular weight hydrocarbons,
environmental transformation processes may be increasingly sigpificant for hydro-
carbons in the C,, - Cs, range characteristic of diesel fuel and in the >C,, range
cxpected in residual fue! oils. Spain et &1. (1846) demonstrated that compounds
having up to nine carbons are weathered almost exclusively by evaporation; larger
compounds were weathered by evaporation and biodegradation.

Under conditions of limited volatilization (low temperatures, subsurface release,
or concentrated spill), other transport processes may be important, including down-
ward migration into the soil, sorption to soils, and transport to ground water. Several
authors (1811, 2243, 2252, 2329) have reported that oil substances released in
significant quantities to soils result in a separate organic phase, which moves down-
ward through the unsaturated zone to the It= permeable layer, the soil/ground water
boundary. In this layer, the oils tend to accvmulate and spread horizontally.

The organic layer floating on the ground water is carried in the general direction
of ground water flow. At the oil-water interfaz, some h;'rocarbons are leached
according to their aqueous solubility. As discussed in the chapter on JP-4, the
pollution caused by the hydrocarbon phase is much less extensive (10s to 10Os of
meters) than pollution caused by hydrocarbons dissolved in ground water (100s to
100Os of meters) (1811). Furthermore, the pattern of migration of the two types of
pollution may be very different. Due to fluctuations in ground water elevation over
time, the organic layer on top of the aquifer may be transported into several zones.
The components may occur in the gaseous phase (able to diffuse in all directions,
including upward), liquid phase (adsorbed onto rock particles or sealed under water),
or dissolved/emulsified in water (1811, 2329).

Migration through soils may be retarded by sorption. Sorption is expected to be
significant for high molecular weight aliphatics, particularly >C,, Migration is
expected to be fastest through previously contaminated soils where the sorptive sites
may be unavailable; on the other hand, soil-water Xnzt:nt increases sorption and
slows migration of hydrocarbons. In fissured rock, *he migration of hydrocarbons is
much less uniform than in poious soils. Preferential spreading through crevices may
occur, sometimes changing the direction of flow. Determination of the potential
ground water contamination in fissured rock is thus very difficult (1811).

The water-soluble portion of No. 2 fuel oil (a higher temperature distilling
fraction than diesel oil) was show.. to be almost entirely aromatic (99%) even though
the product itself was 48% aliphatic, the aliphatic fuel oil hydrocarbons have very low
water solubility compared with the aromatics (1849, 2238). The largest percentage
(4&7c) of the water-soluble fraction of fuel oil was represented by q,-aromiktics
(1849). In deep, saturated soils with no soil air, the aromatics represent the greatest
threat of contamination to ground water supplies. Solubility in aqueous solutions of

, £. m I I I rnI I
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polar, non-hydrocarbon components of some higher boiling petroleum fractions, such
as diesel oil and other fuel oils, has also been reported (2238).

In summary, the physical distribution of fuel oil contaminz.ion affects its impact
on, and removal from, the soil environment. L.teral spreading along the surface
increases the initial contsminated area while facilitating evaporative removal or
sorption oi different hydrocarbons. Subsurface release or vertical penetration
mediated by gravitation and capillary forces decreses evaporation, reduces the
importance of some transformation pathways (see below), and may lead to groundwater contamination.

Photooxidation has been reported to play a significant role in the chemical
degradation of petroleum hydrocarbons in the environment (1845, 1848, 2252, 2259,
2337). Alkanes, benzenes, ard mono-substituted benzenes have been shown to be
relatively resistant to photolysis in aqueous systems; xylenes photolyzed slowly while
trisubstituted bcnzenes and naphthalenes photolyzed at rates competitive with
volatilization (1845). Lee et al. report that anthracene and other polycyclic aromatic
hydrocarbons (PAR) in the carbon range of diesel fuel are subject to photochemical
oxidation. Benzo(a)pyrene is the most susceptible of the PAR compounds, suggesting
"that the residual fuel oils may be even more affected by photodegIddation than d.esel
oil. Penetration of oil below the soil surface limits exposure to solar radiation while
extensive lateral spreading of oil over :n)permcable or rocky surfaces may promote

substantial photooxidative degradation. The oxygenated productr of photooxidation
are generally more water-soluble than the parent hydrocarbons and are thus more
likely to be leached from soil. Enhanced toxicity of the oxygenated hydrocarbons has
also been observed (2248, 2252).

Natural eccostems have considerable exposure to petroleum hydrocarbons from
natural emissions, accidental contamination through oil spills and storage tank leaks,
and deliberate application to land in waste disposr" activities such as land-farming;
therefor:, their biodegradation is of environmental importance. Numerous authors
have observed the biodegradation of petroleum hydrocarbons, and several extcnsive
reviews and reports are available (184, 2252, 2255, 2249, 2253). An extensive and
diverse group of petroleum hydrocarbon-degrading bactcria and fungi are widely
distributed in the environment. Although the microbiota of most non-contaminated
soils Lnclude many naturally occurring hydrocarbon-degrading populations, the addition
of petroleum selectively enriches that sector able to adapt and utilize the new
substrate. Other environmental factors shown to have a major effect on biodegrad-
ability are r''ailability of oxygen end moderate temperatures. The reader is referred
to the chapter on JP-4 for a more detailed summary of the biodzrdataoa on of
petroleum hydrocarbons. The qualitative hydrocarbon content of petroleum mnixtures
largely determine% their degradabi-!iy. In Seneral, microorganisms exhibit decreasing

S.... Lability to degradc aliphatic ,'ydroczrbonm with increasing chain length: aromatics are
generally more rapidly biodegraded than alkanes. The composition of diesel oil
suggests that some of the aromatic species will be biodegradable. BiCdegradation of
the high molecular weight aromatics expected ,o be present in residual oils will be

slower (2339).
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In summary, biodegradation of the petroleum hydrocarbons comprising diesel and
fuel oils may occur under conditions favorable for microbial activity and when fuel
conmponents are freely available to the microorganisms. Degradatioa may be limited
ad/or slow in environments w.with few degrading organisms, low pFP. low temperatures,
ind high salinity (e.g., arctic environments). It should be mentioned that Walker et

aL (2257) state that even under optimum conditions, total, and complete biodegrada-
tion is not expected to occur except possibly over an extremely long time period.

66.2.3 Primary Routes of Exposre from SoGround Water System

The above discussion of fate pathways suggests that pure fuel oils have low vapor
pressure but that their components vary in their volatility from water. The com-
ponents are strongly or ve-y strongly sorbed to soil. The polylic aromatic hydro-
carbons in fuel oils have a moderate or high potential for biozccumulation, while the
longer-chain aliphatic compounds have low potential for bioaccumulation. These fate
characteristics suggest that the various components may have somewhat differ:.rt
potential exposure pathways.

Volatilization of fuel oils from a disposal site o" spill would not be expected to
result in significant inhalation exposures to workers or residents in the area. Gravity
would tend to carry bulk quantities of the oil down towards the water table leaving
only a relatively small fraction on the soil surface to voiatilize. Volatilization of the
remaining oil would occur very slowly because of its low vapor pressure, especially for
the heavier weight fuel oils, and because of strong sorption to soil.

Gr)und water contamination may result from large spills that reach the water
table. '7bere, the more soluble components will dissolve in the ground water or form
emulsions with it. The soluble fraction is mainly aromatic and lower molecular weight
aliphatic compounds. In one study using No. 2 fuel oil, 40% of the water soluble
fraction was made up cf aromatic compounds composed of 11 carbon atoms and 25%
each o' compounds cor'taining 10 and 12 carbon atoms (2318). The hydrocarbons
dissolved in the ground witer may move hundreds to thousands of meters. By
comparison, the undissolved fraction, which floats on the surface of the water table as
a separate phase, woukl be.. expected to move only tens of meters, unless cracks or
fissures were present.

The movement of fuel oil components in ground water may contaminate drinking
water supplies, resulting in ingestion exposures. Ground water discharges to surface
water or the movement of contaminated soil particles to surface water drinking water
supolies may also result in ingestion exposures and in dermal exposures from the
recreational use of the:,e waters. The potential also exists for the uptzke of poly-
nuclear aromatic compounds in fuel oil (e.g., naphthalene, methylnaphthalene and
higher weight PAH's) by fish and domestic animals, which may also result in human
exposures. Exposures to high concentrations of fuel oil components in drinking water
and food are expected to be rare because tainting becomes apparent at relatively low
concen:rations (982).
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Volatilization of fuel oil hydrocarbons in soil is another potential source of
human exposure. Despite their relativety low vapor pressure, the more volatile
components of fuel oil in soil evaporate, saturating the air in the soil pores, and
diffusing in il* directions including upward to the surface- The va,-)ors may diffuse
into basements of homes or other structures in the area, resulting in inhalation

-posurs to the building's occupants. Exposures may be more intensive when the
soil is contaminated from leaking underground ttorage tanks and pipes, rather than
from surface spills, because the more volatile components do not have an opportunity
to evaporate before penetrating the sod. Even then, this exposure pathway is
expected to be much less important for fuel oils than for more volatile petroleum
products like gasoline.

66,2-4 O(t_, Sbow= of Human Exposure

Data on ambient concentrations of fuel oil in air and water as well as in food
and drinking water are not readily available in the literature. Exposure information
on specific components may be found in other chapters of this Guide. Several
population groups susceptiNle to exposure to fuel oil may be identified. Personnel
involved in fuel handling operations may experience direct dermal contact if pro-
tective gloves and clothing are not worn. They may also receive small inhalation
exposures from the more volatile components.

663 HUMAN HEALTH CONSIDERATIONS

663.1 Animal Swdte

66.3.1.1 Cacinogenidty

Generally, number I and number 2 fuel oils are not carcLinogenic even though
they contain aromatic hydrocarbons (2219). In contrast, industrial fuels such as
number 6 oil are residual oils that often contain highly condensed aromatic products
from severe cracking proc,•s. They may be carcinogenic to animals if they contain
PAR ccinponents that boil above 370"C (2219).

Certain currently available fuel oils may be carcinogenic because they are derived
from the blending of fractions boiling below 370'C with those boiling at higher
temperatures. Some of these high-boiling fuels that are derived from catalytic.
cracking processes may contain carcinogens (2219).

Studies have demonstrated a direct ielationship between tumor potency .aid the
concentration of hih-boiling fractions that are added to form blends. it wats deter-
mined that when not more than 10 vr,,ume % of 700"F-plus catalytic gas oil ut
clarified oil is present, the tun'or potency values of the blends are less than 20 and
thcrefore have borderline significance. The turror potency value is a representation
of the tumor formation rate in response to apphication to mouse skin. For a value of
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20, 500 days would be required for a 50% tumor response (1818) (see Table 66-4).
Examination of boiling ranges of blended petroleum products may not provide an
accurate assessment of their carcinogenic potential. In the opinion of Bingham et a].
(2219), these materials are probably carcinogenic and their potency may be under-
estimated or overestimated if the diluent contains cocarcinogens or inhibitors.

Frazier and Mahlum (1819) tested the initiation activity of a fuel oil blend
(FOB) that contained part of a heavy molecular weight distillate boiling at 288-4,4°C
and 2.9 parts of a distillate boiling between 176 and 288*C The FOB (25 mg) was
applied to the clipped backs of CD-1 mice in a 50 ML volume. Two weeks after
initiation, the animals received doses of 5 pg phorbol myristate acetate in 50 ML
acetone twice weekly for 24 weeks. Negative controls were treated with ucetone.
Positive controls were initiated with 50 jg benzo[a]pyrene (BAP) or dimethyl-
benzanthracene (DMBA). Th7 FOB showed signifiant initiating activity. Ap-
proximately 60 tumors were seen after approximately 170 days. Greater than 200
tumors were observed in the BAP positive controls. Hydmtreated FOB was also
tested in the same manner. Hydrotreatment has been suggested as a possible method
for reducing biological activity of coal-derived materials. In this group about 17% of
the animals developed a total of 12 tumors. Each tumor-bearing mouse had an
average of 2.4 tumors. The hydrotreated FOB was also tested for promoting activity.
In these studies, mice were initiated with 50 Mg DMBA. After 2 weeks, they were
promoted twice weekly for 24 weeks with 50 uL of a 1:3 solution of hydrotreated
FOB in Pcetone. The control group was treated with acetone for 2 weeks and
similarly promoted with the hydrotreated FOB. The hydrutreated FOB possessed
measurable tumor promoting activity. When DMBA was used as the initiator, 41%
of the mice had tumors after 6 months. Each mouse had an average of 2.5 tumors.
No tumors were reported in mice treated with hydrotreated PUB on noninitiated
(acetone-treated) skin.

Biles (3064) conducted skin painting carcinogenesis bioassays on diesel fuel, two
types of No. 2 fuel oil (Amoco furnace oil and No. 2 burner fuel). Male C3HIHeN
mice (50/group) were exposed to 50 microliters of undiluted material, twice per week
for lifetime. All three fuels produced increased incidences of malignant skin tumors:
27% for diesel fuel, 28% for Amoco furnace oil, and 18% for No. 2 burner fuel.

NTP (3483) conducted 2-year dermal studies to determine te carcirogenic
potential of petroleum-derived marine diesel fuel and .IP-5 navy fuel. Male and
female BIC3F, (50/group) were exposed to doses of 0, 250, or 500 mg/kg of each of
the fuels by dermal application to the clipped dorsal interscapular region. Due to
excessive irritation and ulceration at the site of application, animals in the high-dose
group for both fuels were killed early. Consequently, the length of exposure to
marine diesel fuel was 5 daysýýeek for 84 weeks for both sexes of mice in the high-
dose group and 5 day,/week for 103 weeks for mice in the low-dose groups. The
length of exposure to JP-5 was 5 days/week for 90 weeks for female mice in the high
dose-group and 5 days/Vweek for 103 weeks for the other groups. Squamous cell
papillomas or carcinomas (combined) occurred with a positive trend (P<0.05) at the
site o( application in male mice exposed to marine diese. fueL No neoplasia were

[
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observed following exposure to JP-5. Consequently, NTP has determined that under
the conditions of this study, marine diesel fuel at doses of 250 and 500 mg/kg results
in dose-related increased incidences of squamous cell neoplasms of the skin; thereby,
"providing equivocal evidence, of carcinogenicity in male and female BC3F1 trice.
NTP also concluded that under the conlitions of this 2-year dermal study, no

J!= evidence of carcinog-nicity for male and female B6C0F1 mice was provided for JP-5
at doses of 250 and 500 rig/kg.

Results presented by Schultz et al (3628) on the skin tumorigenic potential of
petroleum- and shale-derived marine diesel fuel and JP 8 inoicate that all four fuels
are w.4akly tumorigenic in male and female C3Hf/Bd mice, with the shale-derived
fuels being slightly more active. Groups of 10 to 15 mice were dermally exposed to 6
doses of each fuel ranging from 6 to 45 mg, either 3 times/week for 40 weeks for 2
timies,,ek for 60 weeks.

66.3.12 GcnWtoiity

API has conducted a battery of 3 tests to evaluate the genotoxicity of diesel fuel
and number 2 fuel oil (1914).

Number 2 fuel oil (50% catalytically cracked stock) gave positive results in each
teaL In the Ames assay, it was judged to be equivocal rather than negative because
the rehltively high mutant frequencies in S. t•hiMurium strain TA98 were observed
at 4 concentrations. In a mouse lymphoma assay, it was genotoxic under activation
and non-activation conditions. At a test concentration of 1200 gfg/hL, the mutation
frequen•y w.as 17 times the solvent control without metabolic activation. In a rat
bone marrow cytogenetic study, Sprague-Dawley rats w,:re administered number 2 fuel
oil dissolved in corn oil by gavage at dosages ranging from 0.125 to 1.25 g/kg/day for
5 days. The percentage of aberrant cells ranged from 7.5 to 12.5%. A high per-
centage of cells with chromatid breaks was Seen at all treatment levels. In both
cases, the increases were statiz:tically significant only at the low and high dce levels.

Ellenton and Hallett (3197) tested fraction 4 of Number 2 fuel oil in Salmonella
Ithimuarium TAI00 and found it to be genotoxic with S9. All the aromatic fractions
of this oil caused significant increases in sister chromatid exchanges in the presence ef
metabolic activation but not in chromosome aberrations in Chinese hamster ovary
cells treated in culture.

Diesel fuel gave negative results in both the Ames and mouse lymphoma assay.
P-nitive results were obtained in the rat bone marrow cytogenetic assay. The diesel
fuel was administered undiluted by intraperitoneal injection. Dose. -- s 0.6, 2.0 or 6.0
ml.Ag/day for I or 5 days. Single injections at the mid- or high-dose, as well as the
high-ose in the 5 day protocol caused statistically significant increases in chromos, me
abnormalities (1914). Hetiderson et aL (3285) separated diesel fuel into aliphatic and
aromatic fractions by extraction with dimethyl sulfoxide. These fractions were devoid
of genotoxic activity in the Ames test and exhibited low cytotoxicity to Chinese
hamster ovary cells treated in culture.
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Lebowitz et al. (3391) did not observe any evidence of clastogenic activity in
bone marrow cels of rats treated with keroosne intraperitoneally. Zeiger et al.
(3859) tested Navy fuel JP-5 (a xpecially refined kerosene) with and without recta-
bolic activation and found it negative in 4 of the 5 standard 5aimoriclla test strains.
In this same publication, diesel fuel-marine was also found to be negative under the
same experimental conditions.

6&.3.1.3 Tcawogeaicily, Em ývtazity and RepWduc~iv Effects

A teratology study of Fuel Oil #2 was sponsored by the American Petroleum
Institute and conducted at Litton Bionetica. From days 6 through 15 of gestation,
,.regnant CRLCOBS CD(SD)BR rats -were exposcd to airborne concentrations cf 0,
86.9 or 408.4 ppm of Fuel Oil # 2 for 6 hours daily. No maternal toxicity was
observed at either dose l-vel. Also, there was no evidence of teratogenicity, embryo-
toxicity or inhibition of fetal growth and development (?056).

The API al.o sponsored a teratology study with rats exposed by inhalation to
diesel fuel at concentrations of 100 or 400 ppm for 6 l,3ur/day on days 6-15 of
gestation (3627). Although a decrease in maternal food consumption was observed at
the 400 ppm exposure level, all embryotoxic and teratogenic results were negative.

66.3.1.4 Other Toxicologic Efects

66.3.1.4.1 Short-term Toxicity

The following fuel oils were evaluated for acute toxicity in six tests:

Number 2 fuel oil
low-catalytic cracked (10%)
medium-catalytic cracked (30%)
high-catalytic cracked (50%)

Number 6 fuel oil
API gravity 11.7/2.7% Sulfur content
API gravity 17.1/0.8% Sulfur content
API grav.ty 23.1/0.2% Sulfur content
API gravity 5.2/1.2% Sulfur content

Diesel Fuel (marketplace sample)

Kerosene
Hydrod-sulfurized (API #81-07;
Deodorized

Kerosene-type jet fuels
Jet Fuel A (purity unknown)
JP-5
JP-8
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The 6 tests that were conducted were:

SAcute oral toxicity in rats
- Acute dermal and subacute dermal toxicity in rabbits
- Primary eye and dermal irritation in rabbits
- Dermal sensitization in guinea pigs

Results of these tests are discussed below.

The acute oral toxicity was evaluated in Sprague.Dawley rats. The number 2 oils
caused 70 to 100% mortality with doses of 16.5 to 21 g/kg. LDj, val,'es ranged from
12.0 to 17.5 g/kg. Toxic signs included alopocia, !ethar&g. diarrhea, dermal irrit 4t'n
and open sores around the genital area. The number 6 fuel oil with an API specific
gravity of 5.2 and 1.2% sulfur content was the most toxic materia tested. The, LD,.
was 5.1 g/kg. A dose of 25 g/kg caused 100% mortality. Nore of the other number
6 fuel oils caused mortality at 22-24 g/kg. A significant degree of gastrointestinal
distress was observed at doses greater than 15-20 g/kg until the material cleared the
gastrointestinal tract. Ahis was thought to be due to volume overload. Mortality
generally occurred 2-3 days after dosing. Necropsy revealed evidence of hemorrhagic
gastroenteritis and pneumonia with abscess formation (1929).

A marketplace sample of diesel fuel had an LD,. of 7.5 g/kg in rats r.nd caused
90% mortality at a dce of 16.6 g/kg. Toxic signs were the same as those seen with
the number 2 oils (1924).

An oral LID, of 20 g/kg in rats has been reported for kerosene. In acute oral
studies with keroGene-type jet fuels, ingestion of 25 mLAg of Jet Fuel A resulted in
slightly congested livers and kidneys in rats k3195) Parker et al. (3549) report an oral
Li), in rats of >60 mL/kg for JP-5. Smith et al. (3664) report an oral LDi in mice
of >16 mL/kg for JP-8.

In acute dermal studies conducted with rabbits, number 6 heavy fuel oil (API
gravity 5.2/1.2% sulfur) induced significant signs of toxicity at 5 g/kg. It caused severe
dermal irritation, weight loss, anorexia, ataxia and lethargy. Mortality was 37.5%.
Necropsy revealed acute toxic hepqtitis, gastrointestinal irritation and congested lungs.
Other grades of numb,-r 6 and number 2 oils as well a; diesel oil produced mild to
moderate dermal irritation but no systcmic signs of toxicity (1924). However, Elars
Bioresearch Lab (3194) found that at postmorten 4 of 8 rabbits had zongested
kidneys following the derma! applicaoior, of 5 mLlkg of diesel fuel for 24 hours.

In the subacute dermal study, deres rantging from I to 10 mnLkg were applied to
rabbits clipped free of hair. The area remaimul bai.-dge• for 24 hours at which time
the patches were removed and a nyew dosc applied. This con.inued for 5 consecutive
days followed by a 2 day rest period and a repeat application for 5 consecutive days.

Li
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In thWs teat, !he number 6 fuel oil (APi gravity 5.1/1.2% sulfur) produced the greatest
degree of toxicity at the lowest dsce (75% mortali~y at 2.5 mL/kg). Clinical signs
included severe weight loss, anorexia and signs of dermal irritation. Grois necropsy
revealed hemorrhagic gastroenteritis, and congested, mottled livers with multifocal
necrosis and cntrilobular vacuolar degeneration. In all cscs, !he number 6 oils
caused inflammation, dermal oorgestion and edema, derm,.i necrosis, acanthosis and
parakerattxis. Liver necrosis and degeneration %ere also seen but the severity was
not as great as that wsith 5.1/1.2% suifur. All 3 number 2 o;ls caused weight loss,
anorexia and various degrees of dermal irritation. At a dcse of 10 mLkg, mortality
ranged from 75 to 100%. Gross necrepsy lesions at all dosage levels ;ncluded renal
and hepatic congestion. At the 10 mLAg level, multifocal hepatic necrosis was
observed (1924). With the same test protocol, Elan Bioresearch Lab (3194) observed
67% mortality in rabbits at a dose of 8 mL.Ag of diese! fuel (marketplace) and
histopathology revealed evidence of hepatic toxicity at this leveeL

In subacute, dermal studies with hydrodesulfurized kerosene following the same
protocol as descnrbed in the nrecding paragraph, Hazyleton Raltech (3281) observed
acute dermal corrosion at dose of 2.5, 4, nnd 10 mLAg. Evidence of hepatic toicity
and 100% mortality were ebs.2rved at the 10 -iLAg dose-level. A dose of 8 mLkg of
Jet Fuel A resulted in 75% mortality in rabbits. Clinical signs incluckd acute dermal
corrosion, necrosis with alopeciz at the test site, and depressed behavior. His-
topathology confirmed hepatic toxicity and byperplastic changes in the transitional
epithelium of the urinay bladder (3195).

In 14-day dermal studies conducted by NTP (3483) with pet.oleum-derived
tarine diesel fuel and JP-5, all B6C3F, mice died at doses of 20,000 and 40,000
mg/kg of marine diesel fuel, all male mice d'ed at the 40,000 mg/kg dose of JP-5, and
all female mice died at doss of 30,000 and <0,000 mg/kg of JP-5. The skin lesions
observed at doses of marine di-esel fuel ranging from 2000 to 40,000 ng/kg and dose-
of JP-5 ,angin- from 5000 to 40,000 mg-kg included diffit. hyperplasia'of the
epide,'mis, hyperkeratosis, and acute inflammation.

In primary dermal irritation tests, the number 2 oils were moderately irritating
while the. number 6 oils were minimally to slightly irritating. Diesel fuel was ex-
tremely irritating. Signs included severe erythema and edema with blistering ard
open sores. The test was conducted by applying 0.5 mL of undiluted material to
abraded rabbit skin. The test area was then covered fcr 24 hours at which point the
bandage was removed and the animals scored according to the Draize technique
(1924).

Hydrodesulfurized kerosene was moderately i-ritating when 0.5 mL was applied
to rabbit skin (3281). Jet Fuel A was mildly irritating (3193) and JP-8 was mildly to
moderately irritating (3416); whereas. JP-5 was non-irritating to rabbit skin in the
patch test (3144).

The n,.mber r cils were minimally to moderately irritating when 0.1 mL was
applied to rabbit eyes. These materials produced conjunctival redness, sweiling and
discharge. Few corneal opacities were produced but eyes rcturned to normal -ithin
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72 hours. Diesel fuel was non-irritating and numner 2 oils ranged from practically
non-irrita:ing to mildly irritating (1924).

Hydrod•sulfurized keros-.ne was practically non-irritating when 0.1 mL was
applied to rabbit eyes (3281). Jet Fuel A was milly irritating (3195); whereas, iP-5
(3144) and JP-. (3416) were non-irritating to rabb;t eyes.

In dermal sensitization studies, 0.5 mL of the folowing fuel oils were non-
sensitizing in guinea pigs: number 2 fuel oil (3196), diesel fuel (marketplace) (3194)
and Jet Fuel A (3195). However, 0.1 mL of JP-5 in peanut oil resulted in mild
sensitization (3144); JP-8 evoked a delayed-type sensitization in guinea pigs (3416);
and deodorized kerosene caused sensitization by the maximization test (3495).

Short-term inhalation studies have been conducted with diesel fuel and
deodorized kerosene. Kainz and White (1984, 2334) subjected male CD-I mice to
nowe only expo-ure of 0.065, 0.135 or 0.204 mg/L uncombusted diesel fuel vapor for 8
hours per day cn 5 consicutive days. The mice developed vnsodilation, ataxir., poor
grooming habits, and in some cases, tremcrs. All signs varied with the dose and
duration of exposwue. Dose-related effects in neurological testing indicate that the
uncombusted diesel vapors may also aat as a neurudeprcssant. Dalbey et al. (3148)
exposed rats to dieý,e1 fuel aenrsl contentrations of 1.3, 20, 4.0, or 6.0 mg/L for
exposure periods of 2 or 6 houis, at either one exposure a week for 9 weeks or 3
exposures a week for 3 weeks and observed neuroicusculr disturbances, decreased
pulmonary function and accumulation of alveolar macrophages in the lungs at
concentration time values of 8 and 12 mg . hr/L. Carpenter et al (3101) reported
slight loss of coordinatvon of the extremities in rats exposed to 7_5 mgtL ci
deodorized kerosene 6 nours/day for 4 days. Noa and Illnait (307) expos.4d male
guinea pigs to kerosene cerosols for 15 minutes daily for 21 days. The concentration
during the first 10 minutes of exposure was 20.4 mg/L and was raised to 34 mg/L
during the last 5 minutes of exposure. Within 15 days, changes in the aorta that
were typical of early atherosclerotic les'ons were observed.

66.3.1.4.2 Subchronic and Chronic Toricity

Subcbronic (90-day) inhalation toxicity studies have been conducted with fuel oils
of military interest, including marine diesel fuel and the kerosene-derived jet fuels,
JP-5, and JP-& Several investigators have observed a dose-related nephropathy in
male rats exposed continuously to either 0.05 or 0.3 mg/L of petroleum- or shale-
derived marine diesel fuel for 90 days (3144, 3086; 3415); however, these effects were
not observed in female rats, female mice, or beag!e Jogs. Renal lesions consisted of
increased cytoplasmic hyaEne droplets in the proximal tubular epithelium, necrosis of
proximal tubular ce•is, and intratubular plugs of necrotic cel debris at the corti-
comedullary junction. The effects were more severe at the higher concentration (0.3
mg/L). MacEwen and Vernot aLso observed depressed body weight gain in male rats
at both exposure levels.

77. 77r.
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MacNaughton and Uddin (3418) found si.ilar results in male rats exposed
continuously by inhalation to either 150 or 750 mg/in' of petroleum- and shale-derived
JP-5 for 90 days. Male rats exhibited decreased growth rate and histopathclogical
changes in tbe kidneys including dilated tubules near the corticomnedullary junction
that were plugged with granular, necrotic debris and increased hyaline droplets in the
proximal tub,,iar cells. Mild, reversile, dose-rclated fatty changes in hepatocytes
were albo observed in mice at both concentraticns. Bruner (3086) observed the same
postexposure pattern of tubular dcgeneration in male rats exposed to petroleum and
shale-derived marine diesel fuel for 90 days. Bruner (3086) also observed reversible
hepatocelular fatty changes in mice exposed to 0.05 and 0.3 mg/L of petroleum
derived marine diesel fuel for 90 days.

At 19 months postexposure to petroleum- and shale-derived JP-5 and marine
diesel fuel, MacNaughton and Uddin (3418) and Bruner (3086), respectively, found
that the tubular degeneration in the exposed male rats was more s-evere than in
control rats and was accompanied by marked mineralization and pelvic uothelial
hyperplosia and; therefore was distinguishable from the old rat nephropathy observed
in tl& control rats.

Renal effects were not as pronounced in male rats exposed continuously by
inhalation to 0.5 or 1.0 mg/L of JP-8 for 90 days (3416). Kidney function was slightly
impaired in both exposure groups at two weeks post-exposure. However, increased
mortalit) (50% greater than controls in males and 20% greater than contr,,Is in
females) was observed in mice at both concentrations one-year post exposure. Death
was attributed to sequelae of chronic dermatitis.

In chronic dermal studies with petroleum- and shale-deriv -4 marine diesel fuel
and JP-8, Schultz et al. (3628) reported similar effects as observed in the inhalation
studies with jet fuels. Groups of 10 to 15 C3MH mice were Jermally exposed to 6
doses of each fuel ranging from 6 to 45 mg in 50 microliters of cyclohexane, either 3
times/week for 40 weeks or 2 times/week for 60 weeks. The primary systemic effects
were a significant reduction in body weight, a sigr.-,;ant increase in spleer weights,
and dose-related renal lesions, including atrophic and degenerative nephrons and
papillary necrosis.

Thiteen-week dermal studies with petroleum-derived marine diesel fuel and JP-5
were conducted by NTP (34,3) as range-finding studies to establish the doses to be
tested in 2-year toxicology and carcinogenesis studies. M-!e and female B6C3F, mice
(10/group) were exposed to doses of 0, 250, 500, 1000, 2000, and 4000 mrAcg of
marine diesel fuel by dermal application to the clipped dorsal interszapular region.
Doses of JP-5 used in the 13-week study were 0, 500, 1000, 2000, 4000, and 8000
mg/kg. Decreased body weights were observed in wale mice Lt doses of marine
diesel fuel greater than or equal to 500 mgg and an increased severity of mild
chroniz active dermatitis was observed fcr both sexes at the highest dose, 4000 ing/kg.
Fifty percem mortality was cbserved in male mice following exposure to the highest
dose of .P-5, 8000 mg/kg. Other observed effects in male 'and female mice exposed
to doses of JP-5 greater than or equal to 1000 mg/kg included increased severity of



66-34 FUEL OIL

dermatosis, slight to moderate splenic extramedullary hematopojesis, and slight hepatic
karyomegaly. Based on the results of these 13-week Studies, the doses selected for
the 2-year studies were 250 and 5W0 mg/kg for both fuels.

In the 2-year NMP studies (3483), body weight gain was decreased by week 30 in
all dose-groups of mice receiving marine diesel fuel and in the high-dose group (500
mg/kg) of mice receiving JP-5. Animals in the high-dose group for both fuels were
killed early due to excessive irritation and ulceration at the site of application (both
sexes for marine diesel fuel at 84-weeks exposure and females for IP-5 at 90-weeks
exposure). For both fuels, the survival of both dosed groups of female mice was
significantly lower than that of the controls. Chronic dermatitis, consisting of
hyperplasia of the epithelium with accumulation of keratin on the surface and acute
to ch, -- ic inflammation of the dernis, was observed at increased incidences in all
mice eposed to both fuels. There was a 2- to 3-fold dose-related increase in the
severity of the lesions compared with the controis.

663.2 Human awn EPidemoloi Smies

663.2.1 Short-term Ta•xlcogic Effects

The chief systemic reaction to petroleum hydrocarbons, such as fuel oils, is
central nervous system depression (17). Toxicological effects are expected to
resemble those of kerosene; i.e., a low oral, moderate dermal and high aspiration
hazard (12). Provided that aspiration does not occur, the mean oral lethal dose of
k'rosene for an adult ;s estimated to be 4 to 6 ounces. However, twice this amount
has been tolerated and less than one-half of an ounce has caused death (17). This
estimate may be low since oral LD, values in rats, rabbits and guinea pigs exceed 20
mLkg. Following the accidental ingestion of petroleum distillates (diesel fuel,
kerosece, etc.), the primary symptoms include pulmonary complications, cough,
pneumonia, fever, vomiting, abdominal..pain, diarrhea, drowsiness, lethargy, con-
vulsions, and dramatic reduction in blood lipid levels (3421, 3054). In fatal poisonings,
death may occur within 2 to 24 hours after ingestion. The difference between cases
of uncomplicpted ingestion and the lethal dose where aspiration occurs may be zs
great as a pint and a teaspoonful. The characteristic lesion resulting from aspiration
is an acute and ori'cn fatal bronchopneumonia. Kerosene and related hydrocarbons
are P.so irritating to the skin and mucous membranes. Percutaneous absorption may
b• significant (17).

r",: Dermal exposure to diesel oil ha: caused nephrotoxicity. A man who cleaned his
hands and arms with diesel oil over several weeks experienced symptoms of epigastric
and loin pain, thirst, nocturia, nausea, anorexia, scrotal swelling, severe exhaustion
and pitting ankle edema. Renal biopsy revealed acute tubular necrosis with patchy
degeneration and necrosis of the proximal and disud tubular epithelium (1814).
Another case. was dcscribed b" Barrientos et al. (1815) who reported acute oliguric
failure in a patient who had washed his hair with diesel oil. A renal biopsy per-
formed the next day showed tubular dilation and a proliferation of cells in the
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glomeruli. Similar nepmrotoxic effects were reported as a result of inlialation of
diesel oil vapors in a truck cab over a 10 day period (1816).

Liquid petroleum hydrocarbons cause little or no injury on direct eye contact.
Kerosene and petroleum oil on rabbit and human corneas are essentially innocuous
(19).

6&.3.22 Chronic Toxko Effecu

Limited information is avail3ble concerning the effects of long-ýe exposure to
fuel oils. Numerous epidemiology studies evaluating the effects of pe roleum
exposure have been conducted. While most have shown overall standardized
mortality ratios to be lower than those of the general population, elev .ted numbers
of deaths have been observed for cancers at several sites. However, t ese elevations
are not found consistently in all of the studies and may be the result of confounding
exposures to individual components in the fuel oils. Cancers have ben observed in
Leukemias and lymphomas have also been reported (1817).

It has been clearly demonstrated that hydrocarbon fuel vapors ind ce nephro-
toxicity and renal carcinogenicity in male rats. However, these agents have failed to
produce significant toxic or neoplastic changes in other major organs or in female
rats. The mechanism responsile for the renal lesions is unknown at tj present
time; however, rescarch is currently underway to assess the role of the male rat-
specific protein, alpha-2u-globulin, in ;he initial formation of hyaline droplets and
tubular degeneration (3418).ý Because the etiology of this species- and sex-specific
nephrotoxicity is unknown, the question remains as to whether exposure to hydro-
carbon fiel vapors would produce sim;lar effects in humans. All epidemiological
informatio, to date is negative; however, the studies have either been !limitecd in
scope and/or the observed chronic effects could be attributed to individual com-
ponents in the fuels. Consequently, no definitive studies are available at this time to
determine the potential for human nephrotoxicity or rcnal carcinogenicity from
exposure to hydrocarboi. fuels (3746).

Knave et al. (3376) conducted studies with aircraft factory worker occupationally
er,-x-ed to jet fuels at concentrations ranging from 500 to 3000 ppm. The acute
symptorns included dizziness, respiratory tract symptoms, palpitations, pý-e;ure on the
chest, nausea, and headache (3376). In a second study (3366), workeri had been
exposed to concentrations of jet fuel ranging from 85 to 924 mg/mrn, with values up to
3214 mg,/m', for up to 20 years. The exposed and control groups were, matched
regarding age, employment duration, and education. Significant findings were a
greatet incidence of nrurasthenia, anxiety, and mental depression, and islight impair-
ment in reaction time and perceptial speed in the exposed group.

lee et al. (3331) reported a prevalence of dcrmatoses among ball-bearing factory
workers in Taiwan with major exposuie to kerosene. The reference grbup were
zipper-manufacturing workers with a similar age distribution, educational background
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and income, and major exposure to textiles and plastics (no exposure to kercsene).
In the kerosene-.xpo&zd group, 65% had erythema with or without desquamation
over the interdigital spaces, 15% had e.,ematous lesions, 4% had defatting dermatitis,
and 16% were asymptomatic. Li the reference group, the only observed dermatoses
was <1% with hand eczema.

663.3 Touiw&ý of F Oil Components

A brief overview of the toxicology of the major hydrocarbon components of fuel
oils are sunmar;zed below (see Table 66-5).

S,'. n-Hexane

Hexane may be the most highly toxic member of the alkanes. When ingested, it
causes nausea. vertigo, bronchial and general intestinal irritation and CNS effects. It
also presents an acute aspiration haza-d. Acute exposure occurs primarily through
inhalation. Non-specific symptoms such as vertigo, headaiche, nausea and vomiting are
the first to be manif-%ted. At high concentrations, a narcosis-like state appears as a
result of CNS depression. Pre-narcotic symptoms occur at vapor concentrations
ranging from 1500-2500 ppm. n-Hexane irritates the eyes and mucous membranes.
These effects can be seen after an exposure of 880 ppm for 15 minutes. Skin .ontact
prinmarily causes fat removal and cutaneous irritation.

Chronic exposure to n-hexane vapors causes peripheral neuropathy. The first
clinical sign of neural damage is a feeling of numbness in the toes and fingers.
Progression ;eads to further symmetrical sensory impairment in the distal portions of
the extremities and to loss of muscular stretching reflexes. Ultimately, symmet-icol
muscular weakness develops, chiefly in the distal portion of the extremities. Paralysis
develops with varying degrees of impaired grasping and walking. This may include
muscular atrophy (sensorimotor polyneuropathy). The development of electrophysio-
logical changes parallels the severity of the clinical picture. In the most severe cases,
nerve conductivity is neutralized. In some cases, cranial nerve involvement is also
observed. After exposure ceases, recovery begins within 6 to 10 months in mild to
moderate cuses, but may take up to 3 years in serious cases. The threshold level at
whicS n-uropathy occurs has not been firmly established but symptoms have been
observed in people exposed to concentrations ranging fron, 10 to 200 ppm for 9-12
months.

In anima!s, signs of narcosis are seen after mice are exposed to vapor levels of
16,000 ppm for 5 minutes. Death generally occurred at concentrations between
43,800 and 52,000 ppm after 9-119 minutes. The oral LD, is cited as 24 ml/kg for
14-day-old rats and 49 mL/kg for young adult rats.

Lorg-term inhalation experiments in rats suggest that the first signs of neurotoid-
city appear after they are exposed to levels of 200 ppm for 24 weeks. This higher
threshold to induce neurotoxicity in animals may be due to differences in metabolism.
Specifically, 2-hexanol is the chief metabolite in animals, while 2,5-hexanedione
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TABLE 66-5
ACUTE TOXICITY OF COMPONENTS OF FUEL OILS

Oral Dermal
Component LID, LD, LC,

n-hexane 24-49 mIAg [rat] no data 33,000 ppm
(1935) • 4 hr [ra:1
28,710 mg/kg [rat] (1935)
(1937)

octane < no data

dodecane <- .... .. no data >

isopentane no data no data 100U mg/L
[mos] (12)

,ooctane -< no data -

methylcyclopentane < no data >

methycycichexane 2250 mg/kg [rat] (47) no data no data

cyclohexane 29,820 mylcg [rat] no data no data
(1935)

benzene '3800 mgAg [rat] (59) no data 10,000 ppm
4700 mg/kg [mouse] (47) • 7 hr [rat]

(47)

toluene 5000 mg/kg [rat] (47) 12,'24 mg/kg 5320 ppm
[rabbit] (47) .. 8 hr [mouse]

(47)

xylenes 4300 mg/kg [rat] no data 5000 ppm
(47) .4 hr [rat]

(47)
ethyl benzene 3500 m:,}g [rat] 5000 mg/kg no data

(47) [rabbit] (59)

trimethylbeazenes -o data no data 18 mg/m(3)
.4 hr [rat]
(47)

1-methylnaph- 1840 mg/kg [rat] no data no data
thalene (47)

2-methylnaph- 1630 mg,/kg [rat] no data no data
thalene (47)
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which is neurotoxic, predominates in man. Chronic topica! application oi" a solvent
containing 35.2% n-bexane caused axonal swelling and myelin degeneration in chicks.
No clinical signs were seen. Dosage was I g/kgday for 64 days. In rabbits, topical
application of 0.5 mL'day for up to 10 days cused rediness, irritaton and scab
formation. N-hexane is neithrr carcinogenic or teratogenic. One in vivo study in rats
that inhaled 150 ppm for 5 days found an increased number of chromosome aberra-
tions in the bone marrow cells. No studies on mutagenicity, reproductive toxicity or
carcinogenicity in man were found (12, 1930, 1935).

By the oral route, octane may be more toxic than its lower homologues. If it is
aspirated into the lungs, it may cause rapid death due to cardiac arrest, respiratory
paralysis and asphyxia. The narcotic potency of octane is approximately that of
heptane but it does not exhibit the CNS effects seen with hexanc or heptane.

In humans, the only reported effects are blistering and burning due to prolonged
skin contact

In animals, c•tane is a mucous membrarv: irritant. At high concentrations, it
causes narcosis. It is expected that severe exposure in humans will produce the same
effects. Mice exposed to vapor levels of 32,000 ppm suffered respiratory arrest after
4 minutes of exposure. Exposure to 12,840 ppm for 185 minutes caused a decreased
respiratory rate, followed by death withid 24 hours. No narcosis was seen after 48
Dminutes of exposure to 5350 p, -,t2,46,1938).

Dodecane is not highly toxic. The lowest toxic dose for mice is 11 g/kg when
administered percutaneously for 22 weeks. Dodecane is a potentiator of skin
tumorigenesis by benzo(a)pyrer.e. It dccre.,sed the effective thresho1a dose by a
factor of 10. Dodecane and phenyldodecane applied topically to the progeny of rats
treated with benzo(a)pyrene, chrysene or benzo(b)triphenylene on the sevente,!nth
day oi gestation mro-uced tumors in offspring. No additional information is availabler (12, 1937).

Brrenintane

Isopentane is a CNS depresant. Effects may include- exhilaration, dizziness,
headache, lok of appetite, nausca, cenfusion, inabi!ity .o do fine work, a persistent
taste of gasoline and in extreme cases, loss of con.sciolisness. Inhalation of up to 500
ppm appears to hcve no effect on humans. "Very high* vapor concentrations are
irritating to the skin and eyes. Repeated or prolonged skin contact will dry and defat
skin rmsulting in irritation and dermatitis. The LC, in the mouse is estimated to be
1000 mg/L (12).
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Lso-Wctane (22.4-trimethyloenta2_)

The iso-tancs are moderately toxic by the oral route. If aspirated into the
lungs of rcts, they will cause pulmonary leions. When injected intramuscularly into
rabbits, iso-octane produced hemorrhage, edema, interstitial pneumonitis, abscess
formation, thrombosis and fibrosis. Inhalation of 16,(XV ppm caused respiratory arrest
in mice and 5 minutes exposure to 1000 ppm was hig2y irritating (1937).

Me~hvlcvvlorpentanc

Methylcyclopentane resembles cyclopentane in its toxicity. Cyclopentane is a CNS
depressantL Humans can tolerate 10-15 ppm. In mice, 38 ppui causes loss of
reflexes, narcosis and death demonstrating that no safety margin exists. Methyl-
cyc!opentane also exhibits no safety margin between the onset of narcosis and death.
When applied to guinea pig skin, cyclopentane produced dryness and slight erythema.
Methylcyclopentane would be expected to have the same effect (12).

Methilcyvlohexan!

No systemic poisonings by metbylcyclohexane have been reported in man. At
high vapor concentrations it causes narcosis in animals and it is expected that it
would produce the same effect in humans. The no-effect level is about 300 ppm in
primates and 1200 ppm in rabbits. Rabbits did not survive 70 minutes of exposure to
15,227 ppm. Death wa- preceded by conjanctival congestion, dyspnea, severe
convulsions and rapid narcosis. There were no signs of intoxication in rabbits
exposed to 2880 ppm for a total of 90 hours, but slight cellular injury was observed in
the liver and kidneys. In primates, lethal concentrations caused mucous secretion,rlarimation, salivation, labored breathing and diarrhea.

In chronic inhalation studies, exposure to 2000 ppm, 6 hours per day, 5 days per
week for 2 years produced no tumors in rats, mice, hamsters or dogs. The only
significant toxic effect found was renal changcs in male ras. These included renal
tubular dilation, papillary hyperplasia and medul!Lry mineralization.

Dermal application of the liquid produced local irritation, thickening and

ulceration (12, 46, 54, 17, 1936).

Cyclohexine

Cyclohexane is a CNS depressant of low toxicity. Symptoms of acute exposure
are excitement, loss of equilibrium, stupor and .oma. Rarely, death results due to
respiratory failure. The anesthesia which is induced is weak and of brief duration but
more potent than that caused by hexane. The oral LDLo in rabbits ranges from 5.5
to 6.0 g/kg. Within 1.5 hours the animals exhibited severe diar"i'ea, widespread
vascular damage and co!lapse. Degenerative lesions were seen in the heart, lung,
liver, kidney and brair. A one-hour vapor exposure to 26,752 ppm caused rapid

Sr
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narcosis and tremor and was lethal to all exposed rabbits. In mice, concentrations
causing narcosis vary from 14,600 to 122,000 ppm.

Cdobh-mumn is nominally absorbed through the skin although massive applications
(>180.2 ekg) to rabbit sikin resulted in microscopic changes in the liver and kidneys
and caused the death of all animals.

Mwe danger of chronic poisoning is relatively slight because th'i componnd Ls•
almost completely eliminated from the body. No toxic changes were seen in rabbits
exposed to vanor levels of 434 ppm, 6 hours daily for 50 exposures, but some
microscopic changes were seen in the liver and kidneys when the exposure was to 786
ppm for the same period.

In man, no systemic poisonings by cyclohexane have bean reported. A vapor level
of 300 ppm is somewhat irritating to the eyes and mucous membranes. It has been
reportod that cyclohcxane may prtentiate the toxic effects of TOCP but no additional
details of this interaction are available (12, 17, 46, 54, 1937).

Venzene

The primary effects of benzene inhalation and ingestion are on the central

nervous system (54). Be'izene is carcinogenic in both animals and man. Several
reports have established a relationship between benzene exposure and leukemia. For
more information, refer to the chapter on benzene in the InsZallation Restoration
Program Toxicology Guide.

Toluene

Toluene is a CNS depressant with a low toxicity. For more information, refer to
the chapter on toluene in the Installation Restoration Program Toxicology Guide.

Xylenes

Acute exposure to high concentrations of xylene vapors may cause CNS depres-
sion. Both the liquw-i and the ,,apor are irritating to the eyes, mucous membranes
and skin (46). The National Toxicology Program recently reported that there was no
evidence of carcinogenicity of mixed xylenes in e&ther mice or rats given daily, doses
ranging from 2.50 to 1000 mg/kg by gavage for 2 years (1939). For more information,
refer to the ct'apter on rylenes in the Installation Restoration Program Toxicology

k 4 Guide.

Ethyl Benzene

Ethyl benzene is primarily an irritant to the skin, eyes and upper respiratory
tract. Systemic absorption causes CNS depression (46). For more information, refer
to the chapter on ethyl benzene in the Installation Restoration Program Toxicology
Guide.
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The trimethylbeazene occur in 3 isomeric forms. The 1,3,5-isome, (mesitylene)
and the 1,2,4-isomer (psemdccumene) are toxicologically similar. High vapor con-
centrations (5000-9000 ppm) cause CNS depression in animals. Loss of reflexes was
seen in mice cxposa4 to 8130-9140 ppm of the 1,2,4-isomer or 8130 ppm of the
1,3,5-isomer. Rats expc.,ed to 1700 ppm of an isomeric mixture for 10-21 days had no
adverse effects or fatat•%iis.

The fatal intraperitoneal dose of the 1,2,4-isomer for the guinea pig is 1.788 g/kg.
while the fatal dose of the 1,3,5-izomer by the same route is 1.5-2 g/kg for the rat.
For toe 1,2,3-isomer, an oral LDLo of 5000 mg/kg has been reported in the rat.
Trimethylbenzene liquid is a primary skin irritant. Deposition into the lungs causes
pneumonitis at the site of contact.

The only report of human exposure described symptoms of nervousness, tension,
anxiety, asthmatic bronchitis, hypochromic anemia anz changes in the coagulability of
the blood. Vapor concentrations ranged from 10-60 ppm. Exposure was to a mixture
containing 30% cf the 1,3,5-isomer and 50% of the 1,2,4-isomer (2,12).

Methylnaphthaleric

Tbe only adverse effects of methylnaphthakene reported in man are skin irritation
and photosensitization (17). Oral LD, values of 1840 mg/kg and 1630 mg/kg have
been reported for 1-methylnaphthalene and 2-methylnaphthalene, respectively, in th
rat (47).

Naphthalene

Ingestion or prolonged inhalation of naphthalene produces nausea, vomiting and
disorientation. It is irritating to the skin and eyes and prolonged vapor exposure has
led to cataract formation in humans (17). Hemolytic anemia is the most severe effect
associated with naphthalene exposure, but this effect is seen predominantly in
individuals with an enzyme deficiency (54).

For more information, refer to the chapter on naphthalene in the Installation
Restoration Todcology Guide.

Anthr'cene

Anthracene asserts, phototoxic and photoallergic action on the human skin. It is
carcinogenically inactive (12). Various mutagenicity studies have produced negative
responses (2315). The lowest toxic oral dose in the rat is 20 g/kg (47).
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66.3.4 Txioka of Fue OM Additives

The toxicity of selected fuel oil additives is outlined below.

Manganese ComDu.yds

Manganese affects the S. Intoxication occurs mostly in the chronic form
known u manganism which is'siwilar to Parkinsonism. Usually manganism occurs
after 1-2 years exposure to manganese oxides although it may develop after only a
few months. Initial symptoms include headache, asthenia (loss of strength and
energy), restless sleep and personality change. This is followed by an intermediate
phase with visual hallucinations, double vision, impaired hearing, uncontrollab!e
impube,, mental confksion and euphoria. In advanwi stages, the patient experiences
excessive salivation, muscle weakness, muscle rigidity, tremor of the upper extremities
and head, and impaired gait. In manganism with neur'klogic symptoms, the course is
frequently progressive although some cases are stationary and others recover (2,46).

Inhalation of high concwntratiors of manganese oxide causes metal fume fever -

a 24-48 hour illness characterized by chills, fever, aching muscles, dry mouth and'
throat, and headache (46).

Magnesium O d

Magnesium oxide fumes are irritating to the eyes and nose. It also causes metal
fume fever which is a 24.-48 hour influenza-type illness (46).

Aluminum Oxdde

Aluminum oxide is a nuisance dust which has little adverse effect on the lungs at
low exposure levels. Excessive concentrations may cause deposits in the eyes, ears
and nasal passagcs or may caule mild injury to the skin and mucous membranes (46).

Peroxides

In general, peroxides are strong oxidizing agents capable of skin irritation, burns
or eye damage (200).

Alkyl Nitrate end Nitrit•.lNitro and Nitroso C-mpounds

Methemoglobinemia (a loss of the oxygen carrying capacity of the blood), is the
main toxic effect of nitrite and nitrate ingestion.

Early symptoms include headache, fatigle, nausea, vomiting, chest pain and
cyanosis. With increasing rnethemoglobin concentrations, there may be weakness.
dizziness, incoordination, jcint pain and miscular tremors (200, 480).
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Various N nitroso derivatives have caused malignant tu~nors in various organ
systeme in laboratory animals. Generally, as the molccule increases in size, car-
cinogenic activity decrvass (12). Exposure to these compounds should be avoided.
Specific information on 2 nitroio com~pounds - N-nitrosodimetliylamine and N-nitroso-

L dipbenylamine - may be found in other sections of the Guide.

6W"3 Levek atccer

There are no criteria or standards for fuel oils OSHA (3539) has set air 8-hour

time- weighte4-avcrage exposure im~it for petroleum distillzates (napbth,-) at 400 ppm.

606H02e A =,

Fue escnai eea polycyclic aroma tic hydrocarbons which arc carcinogens

at doe= of 2.50 and 500 nmz~g results in increasedl incidences of squamous cell

41 and female B6C3F, mice. Other investigators have observed increased incidences of
skin tumors it mice exoosed to diesel fuel, No. 2 fuel oils, and jet fuel .JP-8 (P45,

P47. Psitvemutagenic findings were observed in an Ames test, a nouse lymphoma
assa an a at onemarrow study for fuel oil number 2 (1914). Diesel fuel gave
negtiv rsuls n bththe Ames and mouse lymphomia assay but positive results in
the at onemafrw asay(1914). A reproductive. studyý with rats exposed by
inhlaton t Lvel upto 08ppm suggested no adverse effects (1915).

Acute toxic effects of ingested fuel oils included alopecia, dermal irritation and
open sores in the genital area of exposed rats. The oral LD,. values* ranged from 5.1
to >20 gcg for rats (1924).

Dermal studies in rabbits indicated severe dermal irritation, weight loss, anorexia,
ataxia, lethargy, hemorrhagic gastroenteritis, and necrosis and degeneration of the
liver following doses of fuel oils ranging from 2.5 to 10 mL/kg (1924, 3194, 3195,
3281). Fuel oils are also minimally to moderately irritating to rabbit eyes (1924).

Short-term inhalation exposure to dics'tl fuel and kerosene resulted in neuro-
depression and decreased pulmonary function in rats and mice (2334, 3148, 3101).
Subchronic inhalation exposure (90 days' to marine diesel fuel (at concentrations Of
0.05 sand 0.3 rng/L) and kerosenec-derived jet fuels (JF-5 at concentrations of 150 and
750 mg/rn' and JP-8 at concentrmkions of 0.5 and 1.0 mg/L) bas resulted ini dose-
related nephropathy in male rats (3(86, 3418, 3416). Chronic dermal expoure to
marine diesel fuel anid IP-5 produced chi-onic dermatitis in B6C3F, mice exposed to
2.50 or 300 nmgkg for 2 years (34&1).

In humans, CNS depression is the chief systemic reaction to fuel oils following
either short-term (17) or long-term exposure (3376, 3366). LIngestion of less inan 11/2
ounce has been fatal (17). Accidental ingestion of petroleumn distillates can produce

LA
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chemical pneumovits upon aspiration, neurodepression, and gastrointestinal distress
(3421). Dermal and inhalation expoeuresto diesel fue! have induced nephropathy in
humans (1814,1815,1816). Chronic dermal exposure may also result in dermatitis,
erythema, end eczematous lesio.s (3338).

66.4 SAMPLiNG AND ANALYIS CONSIDERATIONS

Dectermination of the presence of fuel oils in soil and water requires collection of
a representative field sample and laboratory analysis for the specific major com-
punents attributed to fuel oil; however, the relative concentrations of the constituents,
and even the constituents them~selves, will vary with time and distance from the site
of initial contamination due to weathering. The major component categories in fuel
oil have been identified as the following:

n-alkanes
branched alkana-
benzene and alkWbenzenes
naphthalenes
polynuclear aromatic hydrocarbons

A combination of capillary column gas chromatography (GC) and gas
chromatography/mass spectrometry (GC/MS) techniques may be used to identify the
principal ccmponents in the field that are primarily organic in nature. These may
require the separation (pior to GC or GCMS analysis) of the aliphatic, mono-
aromatic and polycyclic aromatic hydrocarbon fractions using liquid solid column
chromatography. The various column eiuates, with or without dilution in carbon
disulfide, can then be analyzed by GC or GCUMS techniques. Aqueous samples need
to be liquid-liquid extracted wilh an appropriate solvent (i.e., !richlorotr.ifluorethane)
prior to analysis; solid -amples would be extracted with trichlorotrifluoroethane using
soxhlet extraction or sonication methods (1422). An aliquot of the sample extract,
with or without c-ncentration, is then aniy'zed by GC or GCOMS. Sampling and
analtis considerations for some specific components in fuel oil, Le., benzene, toluene,
xylenes, ethyl benzene and naphthalene, have been addressed in Volume 1.

A dynamic purge and trap procedure for the determination of fuel oil in water
has also been reported (3058). Water samples spiked with low concentrations of the
fuel showed good recoveries. Other methods that have been used to analyze fuel oil
in water include infrared spectrophotometry (IR) (3560) and fourier transform IR
(3449). !n the lattvr c,,e a 0.5 ppb detection limit was reported for z I L sampie
extract. Solid phase extraction cartridges for preliminary separation of hydrocarbons

-i petrolcim contaii-ng samples have also been described (3712).

A.Jterniatively, the "oil and grease" content can be measured. This determination
would not be the measurement of an absolute quantity of a specific component, but
rather the quantitative determination ot groups of components with similai physical
characteristics (i.e., common solubility in trichlorotrifluoroethane). Th,. "cil and

'14. "W

II
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grease* conter.t is defined as any material recovered from extraction with trichloro-
trifluoroethane and measured gravimetrically; extraction methods are those described
above for aqueous and soil samples.

A detection limit for fuel oils was not determined; the dctection limit for specific
components is expected to be in the range of ug/L for aqueous samples and ug/g for
no..aqueous samples.
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COMPLEX MIXT.URES

This chapter deals with a ;omplex mixture and/or class of compounds. The format used
for this less well-defined group of compounds was modified as necessary but follows the outline
of earlier chapters as closely as possible. It should be noted, howev.er, that the composition of
these materials can vary according to the route of synthesis, the formulating ingredients added,
the interactions of the active ingredicnts, or the storage conditions. These factors can influence
the nature of the material that is ultimately utilized and probably are reflected in many of the
experimental findings reported in the following chapters.

The typical components and approximatv composition of the mixtures are provided if
that informaion was available. PhysicaL/chemical properties often were not available or varied
depending on formulation. Many of these mixtures are blended to modify their physical
properties acccrding to the intended use. Furthermore, the formulations vary with season as
well as with geographic locations of product use. In some cases, therefore, the range for the
class of compounds was given.

In addition to the data for the mixture itself, thc chapter that follows also contains

sections on the principal components and major additivc, of the mix ire, their fate in the
environment and a brief overview of their toxicity.

Li
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COMMON CHEMICAL COMpf1,SrTON: CAS REG NO: NIOSH NO.:
SYNONYMS: 8052-41-3 WJ8925000Dry cle~atiig cz.re ymit•.iton

safety 8o)eat = -75ara-cbo AIR W/V CONVERSION
Minra alkaae 30.0% • 50.0% FACTOR at 25"C

Cydo.Ikan- 30.0% -.40.0%Sotrtnapwt tt 10.0%. 2D.0% 5.77 m/m3 a I ppm;
Stddr t 0.173 ppm s I mg/1

White spiritu OLECULA WEiGHT:
135.00-145 (avcrage)

Stoddard solvent is considered to be a miscellar eous
combustible material for compatibility classification
purposes. Those with oxidizing mineral acids or organic

REACTIVITY peroxides or hydroperoxides may produce heat, fire, and
toxic gases, while those with strong oxidizing agents may
produce beat, fire, and innocuous gases. Reactions with
explosive materials may result in an explosion (38, 507,
511).

* Physical State: Liquid (at 2.0C) (2)
* Color. Colorless (2)
0 Odor Mild petroleu.n (507)
* Odor Threshold: 0.900 ppm (1970)
* Density: 0.7700 g/mL (at 200C) (507)
* Freeze/Melt Point: No data
* Boiling Point: 154.00 to 202.00TC (2)
* Flash Point: 37.80 to 60.00CC (23,38,

(variable) 51,507)
PHYSICO- * Flammable Limits: 0.80 to 6.00%

CHEMICAL by volume (38,51,506)
DATA 0 Autoignition Temp.: 227.0 to

260.0TC (variable) (23,38,51,506)
• Vapor Pressure: 3.00 mm Hg

(at 20"C) (507)
o Satd. Conc. in Air: 2.20E+04 to

240E+04 mg/m' (at 20TC) (1219)
0 Solubility in Water: Insoluble (507)
0 Viscosity. 0.910 to 0.950 cp

(at 20TC) (5)
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0 Surface Teriion: No data
* Log (Octanol-Water (See Table 67-2)

Partition Coeff.): 3.16 to 7.06
PHYSICO- * Soil AdM rp. Coeff.: 7.OOE+02 to

CHEMICAL 5.50E+06 (See Table 67-2)
DATA * Henry's Law Cost.: 4.40E-04 to

7.40 atm. m'/mol (at 20*C) (See Table 67-2)
* B-Monc. Factor. No data

Stoddard solvent hydrocarbons are expected to be rela-
tCvely mbile and moderately persistent in m,lost soil
systems. Persistence in deep soils and groundwater may
be higher. Volatilizatk,n, photooxidatioa and bio-

PERSISI ENCE degradation are potentially important fate processes.
IN THE SOIL-. ,,f-ce spills are expected to be weathered by evapora-

WATER tio:, .nd photooxidadon. Downward migration of
SYSTEM weathered surface spills and sub-surface discharges

represent a potential threat to underlying groundwater.
13iodelradation of C7-C12 hydrocarbons is expected to
be significant under environmental conditions favorable
to microbial oxidation; naturally-occurring, hydrocarboi-
degrading microorganisns have been isolated from
polluted soils and, to a lesser extent, non-polluted soils.

The primary pathway of concern from the soillground-
water systems is the contamination of ground water
drinking water supplies reaulting from large spills of

PATHWAYS Stoddard solvent or leaking undergro,,nd sto-age tanks.
OF Vapors from leaked or spilled solvent may diffuse

EXPOSURE through soils and migrate into structurem resulting in
inhalation exposures. Inhalation expc~ures may rlso
occur from the direct rolatilization of surface spills.
Ingestion with food is not expected to be significant.

ýI
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Signs and Symptoms of Short-term Human Exposure:

Overexposure to Stoddard solvent causes irritation of the
eyes, nose and throat and may cause dizziness.
Prolonged overexposure to the liquid may cause skin
irritation.

Acute Toxicity Studies:
HEALTH

HAZARD INHALATION:
DATA LC., 10,000 mg/m3 . 2.5 hr Cat (47)

Long-Term Effects: kidney da-age
Pregnancy/Neonate Data: Fetotoxic at maternally
toxic doses ....... _ _

Ge.totoxicity Data: Negative _

Carcinogenicity Classification:
IARC - No data
NTP No data
EPA - No data

Handle only with adequate ventilation 0 Vapor levels
of 500 to 1000 ppm: chemical cartridge respirator with
a full facepiece and organic vapor cartridges 0 1000 to

HANDLING 5000 ppm: any supplied-air respirator or self-contained
PRECAUTIONS breathing apparatus with full fa'epiece; gas mask with

(38,507) organic vapor canister * Chemical goggles if there is
probability of eye contact 0 The use of impermeable
gloves is advised to prevent skin irritation.

"~ j



S/

67-4 STODDARD SOLVENT

ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA

AI EXPOSURE LMMiTS:

•i•!•*iiStandards

SAFOSH PEL (8-hr TWA): 100 ppm; STEL (15-rain): 150 ppm

S•0 NIOSH IDLH (30-rain): -50W0 ppm

* NIOSH REL (10-hr TWA): 350 mg/m'
. NIOSH CL (15-ruin): 1800 mg/m'
* ACGIH TLV(Z (8-hr TWA): 100 ppm
* ACGIH STEL (15-miia): STEL deleted

WATER EXPOSURE LIMITS:

Drinking Water Standards
None established.

EPA Health Advisories and Cancer Risk Levels
None established.

WHO Drinking Water Guideline
No information available.

EPA Ambient Walcr Oualitv Criteria
0 Human Health (355)

- No criterion established; Stoddard solvent is not a prio~ity pollutant.

0 Aquatic life (355)[ - No criterion established; Stoddard solvent is not a priority pollutant.

:I
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REGULATORY STATUS (as of 01-MAR-89)

Promulgated Reglations
* Federal Programs

Marine Protection Research and Sanctuaries Act (MPRSA)
Ocean dumping of known or suspected carcinogens, mutagens or
teratugens is prohibited except when they are present as trace
contaminants. Permit applicants are exempt from these regulations if
they can demonstrate that such chemical constituents are non-toxic and
non-bioaccumulative in the marine environment or are rapidly rendered
harmless by physical, chemical or biological processes in the sea (309).

Occpational Safety and Health Act (OSHA)
Employee exposure to Stoddard xhtnt shall not exceed an 8-hour
time-weighted average of IOC ppm (3539).

Hazardous MateriaLs Transportation Act (HI-MTA)
Toe Department of Transport,,tion has designated petroleum naphtha
as a hazardous material which is subject to requirements for packaging,
labeling and transportation (306).

• State Water Programs
ALL STATES
All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Exposure Limits section) as their promulgated
state regulations, either by narrative reference or by relisting the
specifie numeric criteria:

ALMA
Alaska has a water quality criterion for the protection of aquatic life of
15 ug/L for total hydrocarbons and 10 ug/L for total aromatic
hydrocarbons in fresh and marine surface waters (3016).

APKANSAý
Arkansas requires that oil and grease shall not exceed 10 mg/L average
or 15 mg/L maximum when discharging to surface waters (3587).

FLORID
Florida requires that oil and grease not exceed 10 mg/L in Class V
waters (navigation, industrial use) and 5 mg/L for all other surface
waters (3220).

MASSACMUSETMS
Massachusetts requires that the maximum discharge concentration of
oil and grease of petroleum origin not exceed 15 mg/L in surface
waters (3432).

NFEBRASA
Nebraska requires that petroleum oils not exceed 10 mg/L in surface! I
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NEW YORK

New York has set a maximum contaminant level of 50 1.g/L fer
kerosene in drinking water (3501).

SOUTH DAKOTA
South Dakota has a water quality standard of 10 mg/L for ali
petroleum products in surface waters (3672).

SVIRGNA
Virginia has a water quality standard of I mg/L for petroleum
hydrocarbons in ground-water (3135).

V.YQOMING
Wyoming has a water quaKty standard of 10 mg/L for surface waters
and Class Li and IM ground-waters. _7n addition, Class I domestic
ground-Rater is required to be virtually free of oil and grease (3853,S: _'3852).

OTHERTATES
Other states follow EPA Ambient Water Quality Criteria for oil and
grcase.

, Federal Programs
No federal regulations are pending.

a State Water Programs
No state regulations are pending.

O•JST STATES
Most states are in the process of revising their water programs and
proposing changes to their regulations which will folow EPA's changes
when they become final. Contact with the state officer is advised.
Changes arc projected for 10,99-90 (3683).
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Directijv. n Ground-Water (538)
Direct discharge into ground-water (Le., without percolation through
the ground or subsoil) of organopho6phorous compounds,
organoha!ogen compounds and substances which may form such
compounds in the aquatic enviro,..ennt, substances which possess
carcinogenic, mutagenic or ýeratogenic properties in or via the aquatic
environment and nmicral oils and hyJrocarbons is prohibited.
Appropriate measures deemed necessary to prevent indirect discharge
into ground-water (i.e., via percolation through ground or sibsoil) of
these substances shall be taken by member countries.

Directive ou Fishing Water Quality (536)
Petroleum producs must not be present in salmonid and cyprinid
waters in such quantities that they-. (1) form a visile film on the
surface of the water or form coatings on the beds of water-courses and
lakes, (2) impart a detectable *hydrocarbon" taste to fish and, (3)
produce harmful effects !n fish.

Directive on the Ouality Reiuired of Shellfish Waters (537)
The mandatory specifications for petroleum hydrocarbons specify that
they may not be present in shellfish water in such quantities as to
produce a visib!e film on the surface of the water and/or a deposit on
the shellfish which has harmful effects on the shellfish.

Directive on the Discharge of Dangerous Substances (535)
Organohalogens, organopnosphates, petroleum hydrocarbons,
carcinogens or substances which have a deleterious eiect on the taste
and/or odor of human food derived from aquatic environments cannot
be discharged intc inland surface waters. territorial waters or internal
coastal waters without prior authorization from member countries
which issue emission standards. A system of zero- emission applies to
discharge of these substances into ground-water.

Directive on Toxinc and Dangerous Wastes (542)
Any installation, establishment, or undertaking which produces, holds
and/or dispc.es of certain toxic and dangerous wastes including phenols
and phenol compounds; organic-halogen compounds; chrome

compounds; lead compounds; cyanides; ethers and aromatic polycyclic
compounds (with carcinogenic effects) shall keep a record of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used for disposing of such
waste.
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Direcive o the assification. Packazin& and Labeling of Dangerous

Substance (787)
Petroleumn and coal tar distillates with flash points below 21*C are
classified as flammable substances and are subject to packaging and
labeling regulations& because of the variable composition of her
petroleum and coal tar distillates (excluding those used as motor fuels),
they are considered preparations; and their labeling shall be done in
accordance with the procedurce outlined in the Directive Relating to
the Clasification, Packaging and Labeling of Dangerous Preparations
(solvents).

EEC Directives - Pro med
Promoal for a Council Dir-ective on the Dumping of Waste at Sea
(1793)
EEC has proposed that the dumping of crude oil, petroleum
hydrocarbons, lubricants and hydraulic fluids at sea be prohibited.
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67.1 MAJOR USES AND CXMPOSMON

67.1.1 Major Ums

Stoddard solvent is produced 'from a stralght-run distillate of paraffinic or mixed
base crude oil. It is used as a diluent in paints, coatings and waxes; as a dry cleaning
agent; as a degreaser and cleaner; ard as a herbicide (2).

67.1.2 Compoition

Stoddard solvent is a mixture of C, through C, hydrocarbons, predominantly C,
through C, with a boiling range between 160*C to 210*C. Flash point dry-point test
and odor data are used to classify Stoddard solvent into the following four types:
regular Stoddard solvent, 140 flash solvent, odorless solvent, and low end point
solvent. Chemically, Stoddard soh-ent is a mixture of 30-50% straight and branched
alkanes, 30-40% cycloalkanes, and 10-20% aromatics. Benzene and olefins are
present in trace quantities only (2228). The 140 flash aliphatic solvent is composed
of organic compounds with carbon chain lengths ranging from Cq to C'- Its boiling
rsnge is 185-207C and it is composed of 60.8% paraffins, 24.5% monocycloparaffins,
11.2% dicycloparaffins, 3.03% alkyl benzenes, 0.3% indans and tetralins, and 0.07%
benzenes (1967). Both types will be discussed in some sections of the chapter which
follows.

A characterization of the individual hydrocarbon components of Stoddard solvent
was not available. Table 67-1 presents the available characterization by chemical
classes.

67.2 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS

A discussion of the environmental behavior of Stoxddard solvent is limited by the
lack of analytical data defining its specific components. Many of the hydrocarbons
expected to be components of Stoddard solvent were addressed previously in the
more extensive environmental fate section of Chapter 64 (Jet Fuel 4). The general
discussions of aliphatic and aromatic hydrocarbons and their behavior in
soil/ground-water systems will not be repeated here; the reader is referred to the
relevant sections of Chapter 64.
6721 Equilibrium Partitioning Model

In general, soil/ground.-water transport pathways for low concentrations of
pollutants in soil can be assessed by using an equilibrium partitioning model. For the

4 ,purposes of assessing the environmental transport of Stoddard solvent, a group of
specific
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TABLE 67-1

MPOSITION DATA FOR STODDARD SOLVENT

Carbon Range CrCU

StraightVBranched Alkanes 48%

Cycloalkanes 38%

Aromatics:

Benzenes 0.1%

Alkylbenzenes 14%

Indans/Tetralins < 1%

(Reference 196,)

hydrocarbons within the C,-Cr range was selected from the dominant hydrocarbon
classes, i.e., alkanes, cycloalkanes, and aromatics; there are no available data to
confirm the presence of the selected hydrocarbons in typical Stoddard solvent
sample. Table 167-2 identifies the selected hydrocarbons'and presents the predicted
partitioning of low soil concentrations of those hydrocarbons amimng soil particles, soil
water, and soil air. The portions associated with the water and air phases of the soil
are expected to have higher mobility than the adsorbed portion.

Estimates (or the unsaturated topsoil indicate that sorption is expected to be an
important process for all the dominant hydrocarbon categories. Partitioning to the
soil-vapor phase in this model is not vcry important for the C.7-Cu hydrocarbons. The
alkyl benzenes have higher water solubilities and transport with infiltrating water may
be important for these compounds; volatilization is still expected to be low. In
saturated, deep soils (containing no soil air and negligible soil organic carbon), a
significant percentage of the aromatic hydrocarbons is predicted to be present in the
soil-water phase and available for transport with flowing ground water.

In interpret;ng these results, it must be remembered that this model is valid only
for low soil concentrations (below aqueous solubility) of the components. Large
releases of solvent (spills, leaking underground storage tanks) may exceed the sorptive
capacity of the soil, thereby filling the pore spaces of the soil. In this situation, the
hydrocarbon mixture would move as a bulk fluid and the equilibrium partitioning
model would not be applicable.

Li
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672-2 Transport and Transformation Processes

Transport and transformation of Stoddard solvent constituents will depend on the
physicochemical (and biological) properties of the constituents. Some constituents
will dissolve more quickly in the percolating ground waters and be sorbed less
strongly on the soils, thus being transported more rapidly, and may or may not be
susceptile to degradation by chemical or biological action. The relative
concentrations of the constituents of the solvent will vary with time and distance from
the site of contamiuation. This effect is called 'weathering.' (This term is also used
to describe the changes to petroleum materials following spills into surface waters
where film spreading and breakup, and differential volatilization, dissolution and
degradation are all involved.)

There are no available data specific to the transport and transformation of
Stoddard solvent in soil/ground water systems. In general, the low water solubility
and moderate vapor pressure of Stoddard solvent suggest that volatilization with
subsequeni photo-oidation in the atmosphere may be important. Even though the
most volatil: hydrocarbons (i.e., < C,) are not expected to be major components of
Stoddard solvent, volatilization from surface soils is expected to be a major fate
process for the alkanes which have very low water solubility. The aromatic
hydrocarbons likely to be present in Stoddard solvent are moderately soluble in water
and may be available to be dissolved in and transported with infiltrating water.
Sorption to organic materials may limit the actual rates of leaching and volatilization
from soils.

As discussed in detail in Chapter 64, large surface spills or subsurface discharges
of petroleum distillates may result in a separate organic phase on the surface of the
ground water. Migration of the organic phase may be w-ry different from that of the
ground water itself and the solvent hydrocarbons dissoved in the ground water.

Biodegradation may be an important transformation process for Stoddard solvent
in soil/ground water systems; some photo-oxidation of surface spills may also occur.
Data presented in Chapter 64 suggest that mic:oorganisms capable of degrading C, to
C,2 aliphatic and aromatic hydrocarbons are rot uncommon in the environment, and
under conditiorn favorable to microbial activity, biodegradation maybe rapid. It
should be mentioned that Walker et al. (7257) state that even under optimum
conditions, total and complete biodegradation of petroleum hydrocarbons is not
expected to occur except possibly over an extremely long time period.

Overall, ground water underlying soil contaminated with Stoddard solvent
hydrocarbons may be vulnerable io contamination by at least some of these
components. The type of spill (surface vs. sub-surface) is of importance since
volatilization from the surface may be a significant removal process particularly for
the iower molecular weight aliphatics. At this point, it should be mentioned that

Lii
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environmental fate/exposure/toxicology chapters for xylene and naphthalene listed in
Table 67-2 were included in other chapters of the IRP To,-icology Guide.

672.3 Primay Routes of 59o&= from So&Uround Wster Sste•m

The above discussion of fatc pathways suggests that the major components of
Stoddard solvent are volatile but vary in their potential for bioaccumulation and
sorption to opiL. They range from moderately to strongly sorbed to soil, and their
potential for bioaccumulation ranges fr-o.r low to high. The variability in the
properties of the components suggests they have somewhat different exposure
pathways.

Sp;ils of Stoddard solvent would result in the evaporative loss of the more highly
volatile components, leaving those of lesser volatility in the soil. The fraction
remaining in the soil is expected to be relatively mobile assuming the spill is large
enough to exceed the sorptive capacity of the soil. Gravity will carry the bulk fluid
to the saturated zone of the soAl. TL1.re, the more soluble components (aromatic and
lower molecular weight aliphatic compounds) will dissolve into the ground water or
form emulsions with it, while the insoluble L-action will float as a separate phase on
top of the water table.

The movement of dissolved hydrocarbons in ground water is much greater than
for the separate liquid phase, reaching distances of hundreds to thousands of meters
compared to tens of meters for the separate liquid phase. In the presence of cracks
and fissures, however, the flew of the separate phase is greatly enhanced. The
movement of Stoddard solvent in ground water may contaminate drinking water
supplies, resulting in ingestion ep7osures. Ground water discharges to surface water
or the movements of contaminated soil particle-s to surface water drinking water
supplies may also result in ingestion exposures, as well as in dermal exposures from
the recreational use of these waters. The uptake of Stoddard solvent by fish and
domestic animals is not expected to be a significant exposure pathway for humans
because the hydrocarbons with the greatest potential for bioaccumumation, polycyclic
aromatic compounds, account for such a small fraction of the mixture.

Volatilization of Stoddard solvent in soil is another potential source of human
exposure. Once in the soil, the hydrocarbons evaporate, saturating the air in the soil
pores, and diffusing in all directions including upward to the surface. The vapors may
diffuse into the basements of homes or other structures in the area, resulting in
inhalation exposures to the buildings' occupants. Exposures may be more intensive
when the soil is contaminated directly from leaking underground storage tanks and
pipes rather than from surface spills. In such cases the more volatile components do
not have an opportunity to evaporate before penetrating the soil. Obviously, such an
exposure scenario requires a substantial release of Stoddard solvent into the soil, and
is more likely to occur if the solvent is being handled in bulk rather than in drums.
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67.2.4 Other Sources of Human Exposure

Data on the ambient concentrations of Stoddard solvent in air and water as well
as in food and drinking water are not readily available in the literature. Exposure
information on some specific components may be found in other chapters of this
guide. Groups expected to receive the largest exposure to Stoddard solvent include
those who use it as a solvent cleaner. Inhalation exposures are likely, as are dermal
exposures if protective gloves and clothing aie not worn. The same is also true for
those using paints or paint thinners that contain Stoddard solvent. Dry cleaners using
Stoddard solvent can al-o expect to cxperience inhalation and dermal exposures.
Although traces of the solvent may remain on clothes after dry cleaning, inhalation
and dermal exposures that result from wearing dry-cleaned clothes are not expected
to be significant.

67.3 HUMAN HEALTH CONSIDERATIONS

673.1 Animal Studies

673.1.1 Carcinogematy

There are no carcinogenicity data available for Stoddard solvent. However, a
life-time skin painting study with male C3H/HeJ mice was conducted using a
commercial product consisting of a mixture of Stoddard solvent (90.9% by volume)
and two additional components (6.6% of a calcium soap of oxidized wax acids with
minor amount of calcium petroleum sulfonate and 2.5% ethylene glycol monobutyl
ether). By the end of the test period (864 days), 6 of the 50 mice painted with the
mixture had developed squamous cell carcinomas in the treated area. Mice in the
negative control group (white mineral oil, U.S.P.) liad no tumor-, (3205). However, it
is difficult to evaluate the results of this study considering the potential influence of
the two other components.

67.3.12 Mutagenicity

Stoddard solvent is not mutagenic in either Ln vitro or in vivo systems. The
American Petroleum Institute evaluated Stoddard solvent in three tests (1914). In
the Ames assay, there was no significant increase in the numbers of revertant colonies
of Salmonella "himurium strains TA98, 100, 1535, 1537, and 1538 both with and
without microsomal activation. Negative results were also reported in the L5178Y
mouse $ymphoma assay and in a dominant lethal assay in which CD rats were
administered ip doses of 0.087, 0.289 or 0.86W mU.in g/day for 5 days. Gochet et al.
(1968) reported negative results in the micronucleus test with mouse bone manowcells and in the in vitro induction of sister chromatid exchange in human lymphocytes.

J
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673.13 Teratogeicity, Embstoidty arnd Reprductive Effect

There were no treatment-related effects on implantation, fetal resorption or
number of viable fetuses after mated female CD rats were exposed to vapor levels of
100 or 300 ppm for 6 hours daily on days 6-15 of gestation. In the high exposure
group there was a statistically significant increase in the total incidence of fetuses
with ossifcation variation but the types and relative incidences were comparable to
historical controls (1969). A study conducted by API also reported negative results ia
rats that were exposed by inhalation to 100 or 400 ppm of t.he agent for 6 hours daily
on day 6-15 of gestation (3627). The lowest dose selected was thb Threshold Limit
Value previously established in toxicity studies.

Wistar rats were exposed to ah containing the agent for 6 hours/day on days 6-15
of gestation (237, 482, or 953 ppm) or on days 3.20 of gestation (950 ppm). In the
two groups exposed to 950 or 953 ppm, mildly decreased maternal weight gain and
increased eye irritation were observed (3334). Neither the reproductive data nor the
incidence of skeletal or visceral malformation were observed for any group.
However, the group exposed on days 3-20 displayed lower fetal body weights, delayed
ossification, and an increase of fetuses with extra n'ib. This fetotoxicity occurred only
at dose levels which also resulted in maternal toxicity.

67.3.1.4 Other Toxcologic Effocs

67.3.1.4.1 Short-term Toxicity

Stoddard solvent vapor is a mild narcotic and a mucous membrane irritamt (46).
A comprehensive series of studies have been conducted by Carpenter and associates
(1970) to evaluate the toxicity of both Stoddard solvent and 140 flash aliphatic
solvent. The Stoddard solvent used had a flash point of 109 deg F (43°C) and a
boiling range of 307-3827F (153-194°C). Rats had no ill effects after 8 hours at 420
ppm while the no-effect level for dogs was 510 ppm in the same time period.

Eight hours at 1400 ppm was not lethal to rats but toxic symptoms included eye
irritation, bloody exudate around the nostrils, and slight loss of coordination. Similar
symptoms were seen after exposure to 800 ppm for 8 hours, but there was no Ioms of
coordination (1970). A femaie beagle exposed to 1400 ppm had eye irritation,
salivation, tremors Pnd convulsions within a 5-hour period whe a secor:d was
asymptomatic during and after the 8-hour inhalation period. Both anirials survived.
All cats inhaling 1700 ppm died within an 8-hour exposure period (1970). The 140
flash aliphatic solvent had a boiling range of 363-402F (183-206°C). Exposure to
vapor ievels of 33 or 43 ppm for 8 hours had no effect on either dogs or rats,
respectively. Cats exposed to vapor levels of 43 ppm for 6 hours also had no adverse
effects (1971).

Rector et al. (1972) exposed rats, guinea pigs, rabbits, dogs and monkeys to
mine:al spirits which met Stoddard solvent specifications. The animals were exposed
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G hours daily, 5 days per week for a total of 30 exposures to va-por levels of 290 ppm.
The only effects seen were miuor congestion and emphysema of guinea pig lungs.

Grant reported that Stoddard solvent caused little injury on direct contact with
the rabbit e3e (19).

673.1.42 CLrocu Taoidty

There is evidence that long-term exposure to Stoddard solvent causes toxic
effects on the kidneys of male rats. These changes ai'e limited to the proximal
portion of the tubule and are characterized by an increase in the incidence of
regenerative tubular epithelia and hyalin droplet nephropathy (2309). Some rat
strains appear to be more susceptible than others. The predisposition of male rats to
the otcurrence of hyalin droplets is thought to be relat.1 to the large amount of
protein excreted by the male kidney (2309).

When Sprague-Dawley and Fischer 344 rats of both sexes were exposed to
Stoddard solvent vapor at concentrations of 100 or 800 ppm, 6 hours daily, 5 days per
weck for 8 weeks, kidney changes were seen in males only. The Fischer 344 rats
appeared to be slightly more responsive than the Sprague-Dawley rats. The primary
structural change was an increased incidence of regenerative tubular epithelia in the
cortex. At the corticomed-illary junction there were dilated tubule% filled with

proteinaceous material. Changes in urine parameters were observed after 4 to 8
weeks of .exposure. In male rats, these included a reduction in urine concentrating.
ability, an increase in total urine protein and glucose, and an increase in the excretion
of epithelial cells in the urine. None of these changes were observed in female rats(2309).

Phillips and Egan (1974) exposed Sprague-Dawley rats of both sexes to
dearomatized white spirit (flash point 104°F/40"C) at vapor levels of 300 or 900 ppm
for 6 hours da:ly, 5 days per week for up to 12 weeks. They observed nephrotoxicity
in male rats only from both exposure groups. The effects began four weeks after the
onset of expowure and were indicative of mild tubular toxicity. The incidence and
severity increased with increasing concentrations and exposure duration. There were
no other significant toxic effects.

In a similar study, Carpenter et al. (1-070) exposed male rats to 330 ppm for 65
days on the same dosing schedule and observed marked tubular regeneration which
they attributed in part to the inherent murine nephrosis of the Harlan-Wistar rats
employed. Phillips and Egan (197a) upon re-eva!uation of Carpenter's d3ta, found
the kidney changes to be identical to those observed in their study. They concluded
that the hydrocarbons eliciting the most pron•ounced renal tubular changes have a
boiling range of 120-200TC and a carbon length of C_-C,,.

In a 12-month study, male Sprague-Dawley rats exposed to vapor levels of 6500
mg/mn3 white spirit, 8 hour- daily, 5 days per week, had a decreassed urinary
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concentrating ability, a decreased net acid excretion following a mild ammonium
chloride load, and an increased urinary lactate dehydrogenase (LDH) activity, all of
which indicate an alteration in the distal tubule of the kidney (1973).

No toxic effects were reported in male Harlan-Wistar rats exposed to 140 flash
al:phatic solvent at vapor levels of up to 37 ppm, 6 hours daily, 5 days per week for
72 days or in dogs exposed for 73 days (1971).

In a 28-day dermal toxicity study, Stoddard solvent was classified as a moderate
irritant in male and female animals (species was not reported) at a dose of 200
mg/kg. At a dose of 1000 mg/kg, it was a moderate irritant to females and a severe
irritant to males. It was a severe irritant to both sexes at 2000 mg/kg (2310).

67.3.2 Human and Epidemologc Studies

673.2.1 Suort-term Tcoiogic Eff"ct

Stoddard solvent is an eye, nose, and throat irritant in humans. Acute exposure
to high vapor concentrations can cause headaches and produce narcotic effects (38).
Pedersen and Cohr (1975) found that 6-hour exposures to vapor levels of 50-200 ppm
white spirit produced dryness of the mucous membranes, anorexia, nausea, vcmiting,
diarrhea and fatigue. In another study, one of six volunteers exposed to a vapor level
of 150 ppm for 15 minutes experienced eye irritation while all six reported irritation
after 15 minutes at 470 ppm. Two subjects at this level also reported slight dizziness
(1970).

'Inhalation of 17-49 ppm 140 flash aliphatic solvent for 15 minutes per day for 2
days caused slight temporary dryness of the eyes (1971).

Acute exposure to Stoddard solvent was also found to prolong reaction time and
ir.rair short-term memory for visual stimuli. The subjects were exposed to vapor
levels of 4000 mg/in' for 35-40 minutes (1976).

Dermal exposures to the liquid have caused dermatitis and jaundice (38).

673.22 Chroni Toxicologic Eff•Cts

NIOSH (1967) has reported numerous cases of long-term dermal and inhdlation
exposure. Industrial exposures to Unknown but fairly high concentrations over long
periods have resulted in headaches, eye, ncse and throat irritation, fatigue, bone
marrow hypoplasia, and in extreme cases, death (38).

Scott et al. (2332) reported four cases of aplastic anemia in individuals known to
have been exposed to Stoddard solvent. Three of these cases were fatal. In the first
fatality, Stoddard solvent and carbon tetrachloride exposures occurred 2 or 3 times a
month for a 2-year period. The patient experienced excessive uterine bleeding,
purpur3, and moderate bone marrow hypoplasia. At autopsy, focal hyperplasia was
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found. In the second case, dermal exposure to Stoddard solvent occurred 4 or 5
times a week during a 6-month period. This individual had also been taking
diphenhydramine and tripelennamine hydrochloride for several years to control
seasonal allergies. Two months after exposure ended, symptoms of anemia were seen.
Autopsy revealed moderate bone marrow hypoplasia (2332).

In the third fatal case, dermal exposure occurred over a 2-year period.
Symptoms included purpura, pallor, fatigue, Pnd slightly hypoplastic bone marrow.
Autopsy findings revealed marked hypoplasia. The patient had denied using other
potentially toxic solvents (2332).

The fourth case was an individual who had used a Stoddard-type solvent in a
large open tub, once a year for 20 years, usually indoors. A slight reduction in all
formed blood elements was seen. The patient survived after a splenectomy was
performed. The authors concluded that these cases implicated Stoddard-type solvents
as possible myelotoxic agents but since no information was given on solvent
composition, it is not possible to rule out other myelotoxic compounds such as
benzene (2332).

Dermal exposure to undiluted Stoddard solvent for 10 weeks resulted in follicular
dermatitis and jaundice. One year after exposure, tests revealed latent jaundice and
possibly permanent liver damage (2333).

67.3.3 Levek of Concrrn

OSHA (3539) currently permits exposure to 100 ppm as an 8-hour
time-weighted-average. The ACGIH (3005) has set a time-weighted-average of 100
ppm, with a short-term exposure limit of 200 ppm.

67.3.4 Hazard Assesmcnt

No carcinogenicity tests have been conducted for Stoddard solvent. A life-time
skin painting study with mice using a commercial product containing Stoddard solvent
and two additional components (a calcium soap of oxidized wax acids and ethylene

F glycol monobutyl ether) produced a low incidence of squamous cell carcinomas.
However, the results are difficult to interpret because of the presence of other
components. Mutageniciy data are negative for bacteria and mammalian cells in
culture; negative results were also obtained in a rat dominant lethal study and mouse
micronucleus test (1914, 1968).

Exposure of pregnant rats to vapor levels of 300 ppm, 6 hours daily during
gestation was without effect (1969). Stoddard solvent was fetotoxic in rats only at
maternally toxic doses (950 ppm) (3334).

Animal studies indicate mild narcotic effects and irritation of mucous membranes
with acute exposure (46). Long-term exposures result in kidney damage (2309),
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particularly in male rats. The incidence and severity of renal toxicity appeared to
increase with concentration and exposure duration (1974, 2309, 1970).

In humans, acute exposure produces eye, nose and throat irritation, nausea,
vomiting, diarrhea and fatigue (38,1975). High vapor concentrations can produce
headaches and rarcotic effects (38). Prolonged industrial' exposures to very high
concentrations of Stoddard solvent have been linked to fatigue, bone marrow
hypoplasia, and aplastic anemia (38, 1967, 2332); it is unclear, however, if other
myeiotoxic solvents were also involved.

67.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of the presence of Stoddard solvent in sol and water requires
collection of a rep aciadive field sample and laboratory analysis for the specific
major components attn'buted to Stoddard zolvent; however, the relative concentrations
of the constituents, and even the constituents themselves, will vary with time and
distance from the site of initial contamination due to weathering. The major
component categories in Stoddard solvent have been identified as the following:

n-alkanes
branched alkanes
cycloalkanes
benzene and alkylbenzenes

A combination of capillary column gas chromatography (GC) and gas
chromatography/mass spectrometry (GC/MS) techniques may be used to identify the
principal components in Stoddard solvent. Samples, and probably any samples
collected in the field which are primarily organic in nature, may require the
separation (prior to GC or GCQMS analysis) of the aliphatic and aromatic
hydrocarbon fractions using liquid solid column chromatography; the various column
eluates, with or without dilution in carbon disulfide, can then be ana-yzed by GC or
GCUMS techniques. Aqueous samples need to be liquid-liquid extracied with an
appropriate solvent (i.e., trichlorotrifluoroethane) prior to analysis; solid samples
would be extracted with trichlorotrifluoroethane using soxhlet extraction or sonication
methods (1422). An aliquot of the sample extract, with or without concentration, is
then analyzed by GC or (i-C/MS. Sampling and Analysis Considerations for some

j specific components in Stoddard solvent, i.e., benzene, toluene, xylenes and ethyl
benzene, have been addressed in Volume 1. Purge and trap procedures can be used
to determine these volatile constituents. It should be noted, however, that recent
studies (3430) show large losses of volatiles fir-m soil handling. At the present, the
best procedure is to collect the needed sample in an EPA VOA vial, seal with a foil-
lined septum cap, and analyze the entire contents in the vial using a modified purge
and trap apparatus.
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Alternatively, the 'oil and grease" content can be measured. This determination
would not be the measurement of an absolute quantity of a specific component, but
rather the quantitative dietermination of groups of components with similar physical
characteristitz (ie., common solubility in trichlorotrifluoroethane). The "oil and
grease" content is defined as any material recovered from extraction with
trichlorotrifluoroethane and measured gravimetricaily; extraction methods are those
descrnbed above for aqueous and soil samples.

A detection limit for Stoddard solv, nt was not deteirmined; the detection limit for
specific componcnts is expected to be in the range of 10 jg/L for aqueous samples
and 1 pg/kg for nonaqueous samples.
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This chapter deals with a complex mixture and/or class of compounds. The format used
for this less well-defined group of compounds was modified as necessary but follows the outline
of earlier chapters as closely as possile. It should be noted, however, that the composition of
these materials can vary according to the route of synthesis, the formulating ingredients added,
the interactions of the active ingredients, or the storage conditions. These factors can influence
the nature of the material that is ultimately utilized and probably are reflected in m3ny of the
experimental findings reported in the following chapters.

The typical components and approximate composition of the mixtures are provided if
that informazion was available. Physical/chemical properties often were not available or varied
depending on formulation. Many of these mixtures are blended to modify their physical
propertic- according to the intended use. Furthermore, the formulations vary with season as
well as with geographic locations of product use. In some cases, therefore, the range for the
ciass of zompourids was given.

In addition to the data for the mixture itself, the chapter that follows also contains
sections on the principal components and major additives of the mixture, their fate in the
environment and a brief overview of their toxicity.

I. . . . . . • . . . . . . * - . . . . . . . . . . . .... . . . .i .... .i ....| .. . .f .. ... . . . . .... ..i . . . .I I. . .. . . ..... .. .. . . .. ..i... . ..| ..... .. . .
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Mineral Base: Water in oil emulsions
Linear and branched

chained alipbatics
Oil in water emulsions

Synthetic:
CHEMICAL Polyg-ycols

COMPO- Phosphate esters
SITION Silicate esters

Silicones
Organic esters
Olefin oligomers
Alkylated aromatics
Polybutenes
Cycloaliphatics
Polyphenyl ethers

Many hydraulic fluids primarily consist of a blend of various
hydrozarbons. Hydrocarbons are typically incompatible with
strong oxidizers, and may be considered miscellaneous
combustible or flammable materials for compatibility
classification purposes. Such substances typically evolve
heat, fire, and toxic or flammable gases in reactions with

REACTIVITY oxidizing mineral acids, organic peroxides or hydroperoxidrts,
or strong oxidizing agents. Reactions with explosive
materials may result in an explosion, while those with
strong reducing agents may evolve heat and flammable

Sgases. Other types of hydraulic fluids may include or be
comprised of vaiious types of glycols, glycol ethers, esters,
and various a.Aitives. Reactivity hazards for these must be
determined on a case-by-case basis (23, 505, 507, 511).

* Physical State: Liquid (at 20'c) (23)
* Color: Yellow brown; varies with use (60)
0 Odor: Odorless to slight ammonia (2233)
* Odor Threshold: No data

PHYSICO- 4 Density-. 0.9020 g/mL (at 200C) (60)
C, (EMICAL 0 Freeze/Melt Point: Not pertinent (60)

DATA 0 Boiling Point: 190.50 to 287.80'C (23)
* Flash Point: Varies with particular

blend and product
* Flammable Limits: No data
* Autoignition Temp.: No data
* Vapor Pressure: No data
* Satd. Cnc. in Ar: Not pertinent
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* Solubility in Water: No data
* Viscosity: 56.000 to 150.,OO cp (at 40"C) (21)

PHYSICO- * Surface Tension: 36.00 to 37.50 dyne/cm
CHEMICAL (at 2(fC) (60)

DATA * Log (Octanol-Water
tConL) Partition CocfL): No data

G Soil Adsorp. Coeff.: No data
* Henry's Law Const.: Not available
* Bioconc. Factor. No data

EHydrocarbon-based fluids are expected to be highly
PERSISTENCE immobile and persistent in the soil/ground-water system.
IN THE SOIL- Major loss mechanism. are volatilization and aerobic

WATER biodegradation. Other ester, ether and glycol-based oils
SYSTEM may be moderately mobile and much less persistent due

to hydrolysis and biodegradation.

The piimary pathway of concern from the
soil/ground-water system is the contamination of ground

IPATHWAYS water drinking water supplies with hydraulic fluids,
OF especially those based on organic and phospha.e esters

EXPOSURE and polygly-ols. Runoff to surface water drinking water
supplies may ýe an important exposure pathway for
mineral-oil based fluids. Inhalation exposures and
ingestion with food are not expected to be significant.

Signs and Symptoms of Short-term Human Exposure:
(60)
Minimal gastrointestinal tr.ct irritation is expected from
ingestion of hydraulic fluids. Diarrhea may occur.
Pulmonary irritation m.y result from aspiration. Skin or

HEALTH eye contact may produce irritation.
HAZARD

DATA Long-Term Effects: Possile neuropathy due to
triaylphosphate contaminants.
Preznancv/Neonate Data: No data
Genoto'icitv Data: No data
Carcinogenicity Classification:
IARC - No data
NTP No dataEPA -No data

HANDLING Wear protective gloves; goggles or fLceshicld.
PRECAUTIONS

ar•: (60)

S.. .. '' : , . . . ... ... ..... "
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA~

AIR ExpOSURE LIMITS:

Standards ,I'\" OSHA TWA (8-hr TWA): petroleum distill'at (naphthaa-400 ppm

"* AFOSH TWA) (8-hr): petroleum distillates (naphtha)-4O0 ppm; STEL
(15-min) -500 ppm•

Criteria
0 NIOSH IDLH (30-min): petroleum distillates (naphtha)-10,000 ppm
* NIOSH REL. petroleum disti!Iates (naphtha)-350 m _mz
0 NIOSH CL (15-min): petroleum distillates (na: htha)-i800 mg/m3
0 ACGIH TLV®:. petroleum distillates (naphtha) - none established

WATER EYXOSURE LIMITS:

Drinking Water Standards
None established

EPA Health Advisories and Cancer Risk Levels
None established

WHO Drinking Water Guideline
No information available.

EPA Ambient Water Quality Criteria
* Human Health (355)

- No criterion established; hydraulic fluid is not a priority pollutant.

0 Aquatic Life (355)
- No criterion established; hydraulic fluid is not a priority pollutant.

Oil and Grease (2012)
For domestic water supply: Virtually free from oil and grease, particularly from
the tastes and odors that emanate from petroleum products.

For aquatic life:

To protect several important freshwater and marine species, each having a
demonstrated high susceptibility to oils and petrochemicals, the lowest
continued flow 96-hour LC, should be reduced a hundred-fold.

- levels of oils or petrochemicals in the sediment ýhich cause deleterious
effects to the biota 1ould not be allowed;

- surface waters shall be virtually free from floating non-petroleum oils of
vegetable and animal origin as well as petroleum-derived oil.

REFERENCE DOSES:
No reference dose available.
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REGULATORY STATUS (as of 01-MAR-89)

Pr'orulizated Regulations

go Federal Prograns
lean Water Act (CWA)

Oil and greae are designated conventioral pollutants under the CWA
(351). Effluent limitations for oil and grease exist in almost point
source categories under the general pretreatment regulations for new
and existing sources, and effluent standards and guidelines. Limitations
vary depending on the type of industry (3763).

'oxic Substances Control Act (TSCA)
"Manufacturers and processors of the C, aromatic hydrocarbon fraction
must test it for neurotoxicity, mutagenicrty, developmental toxicity,
reproductive effects, and oncogenicity. The C, fraction is obtained
from the reforming of crude petroleum. It consists of ethyltoluenes
and trimethylbenzenes (1988). Testing will be conducted by the
American Petroleum Institute. Interim reports must be submitted vt
6-month intaivals (1987).

Marine Protection Research and Sanctuaries Act (MPRSA)
Ocean dumping of known or suspected carcinogens, mutagens or
teratogers is prohibited except when they are present as trace
contaminants. Permit applicants are exempt from these regulations if
they can demonstrate that such chemical constituents are non-toxic and
non-bioaccumulative in the marine environment or are rapidly rendered
harmless by physical, chemical or biological processIs in the sea (309).

Occupational Safety and Health Act (OSHA)
Employee exposure to petroleum distillates (naphtha) shall not exceed
an S-hour time-weighted average (TWA) of 400 ppm (3539).

Hazardous Materials Transportation Act (HMTA)
The Department of Transportation has designated petroleum distillates
as hazardous materials which are subject to requirements for packaging,
labeling and transportation (305).

0 State Water Programs
ALL STATES
All states have adopted EPA Ambient Water Quality C-iteria and
NPDWRs (see Water Exposure Limits section) as their promulgated
state regulations, either by narrative reference or by relisting the
specific numeric criteria:

ALA
Alaska has a water quality criterion for the protection of aquatic life of
15 pg/L for total hydrocarbons and 10 lig/L for total aromatic
hydrocarbons in fresh and marine surface waters (3016).

wRKANSAS
Arkansas requires that oil and grease shall not exceed 10 mg/L average
or 15 mg/L maximum when discharging to surface waters (3587).
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FLORID
Florida requires that oil and grease not exceed 10 mg/L in Class V
waters (navigation, industrial use) and 5 mg/L for all other surface
waters (32270).

hLASACHJJSETT'S
Massachusetts requires that the maximum discharge concentration of
oil and grease of petroleum origin not exceed 15 mg/L in surface
waters (3432).

: ~NEBRASA
Nebraska requires that petroleum oils not exceed 10 mg/L in surface
waters (3719)..

NEW YORK
New York has set a maximum contaminant level of 50 pg/L for
kerosene in drinking water (3501).

SOUTH DAKOTA
South Dakota has a water quality standard of 10 mg/L for all
petroleum products in surface waters (3672).

VTRGINIA
Virginia has a water quality standard of 1 mg/L for petroleum

hydrocarbons in ground-water (3135).
WYOM!ING
Wyoming has a water quality standard of 10 mg/L for surface waters
and Class U1 and III ground-waters. In addition, Class I domestic
ground-water is required to be virtually free of oil and grease (3853,
3852).

PropoKsed Reulations

0 Federal Programs
No fedeal regulations are pendikng.

0 State Water Programs
No state regulations are pending.

MOST STATES
Most states are in the process of revising their water prozrams and
proposing changes to their regulations which will follow EPA's changes
when they become final. Contact with the state otfier is advised.
Changes are projected for 1989-90 (3683).

I[:
I • ,

SI
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EEC Drectives
Dir ctive .on Ground-Water (538)
Direct discharge into ground-water (i.e., without percolation through
the ground or subsoil) of organophosphorous compounds,
organohalogen compounds and substances which may form such
compounds in the aquatic environment, substances which possess
carcinogenic, mutagenic or teratogenic properties in or via the aquatic
environment and mineral oils arnd hydrocarbons is proh~ibied
Appropriate measures deemed neesary to prevent indirect discharge
into ground-water (i.e., via percolatiou through ground or subsoil) of
these substances shall be taken by member countries.

Directive on Fishing Water Quality (536)
Petroleum products must not be present in salnionid and cyprinid
waters in such quantitirs that they. (1) form a visi'ble fim on the
surface of the water or form coatings on the beds of water-courses and
lakes, (2) impart a detectable "hydrocarbon* taste to fish and, (3)
produce harmful effects in fish.

Directiý,e on the Quality Reguired of Shellfish Waters (537)
The mandatory pecifications for petroleum hydrocarbons specify that
they may not bepresent in shellfish water in such quantities as to

* produce a visible film on the surface of the water and/or a deposit on
the s-l~l~fiih which has harmful effects. on the sheiflfsh.

Directive on the Discharge of Dangerous Substances (535)
Organoha oge'ns, organophosphates, petroleum hydrocarbons,
carcinogens or substances which have a deleterious effect on thc taste
and/or odor of human food derived from aquatic environments cannot
be discharged into inland surface waters, territorial waters or internal
coastal waters without prior authorization from member countries
which issue emission standards. A system of zero- emission aFPples to
discharge of these substances into ground-water.

aireclive on Toxic and Dangerous Wastes (542)
Any installation, establishment, or undertaking which produces, holds
and/or disposes of certain toxic and dangerous wastes including phenol-s
Prid phenol compounds; organic-halogen componunds; chrome
ompounds; lead compounds; cyanides; ethers and aromatic polCyclic.1 compounds (with carcinogenic effects) shall keep a record of the

quantity, nature, physical and chemica. characteristics and origin of
such waste, and of the me,,thods and sites used for disposing of such
waste.

F. Directive on the Claszsirication. Packaging and Labeling of Dangerous
Substances (787)
Petroleum and coal tar distillates with flash points below 21*C are
classified as flammable substanc-es and are subject to packaging and

labeling regulations. Because of the variable composition of other
petroleum and coal tar dit illa tes (excluding those used as m~otor fuels)
they are considered preparations and their labeling shall be done in
accordance with the procedure~s outlined in the Directive Relating to
the Classification, Packaging and Labeling of Dangerous Preparation
(solvents).
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Directive on Disposal of Waste Oils (1986)
Establishments collecting and/or disposing of waste oils must carry out
these operations so that there will be no avoidable risk of water, air or
soil pollution. A permit from the competent authority must be
registered and adequately supervised for collecting, disposal and
regenerating waste oils. PCBs and PCTs must not be present in
amounts greater than 50 ppm in regenerated waste oil.

EEC Directives - Proposed
Proposal for g Council Directive on the Dumping of Waste at Sea
(1793)
EEC has proposed that the dumping of crude oil, petroleum
hydrocarbons, lubricants and hydraulic fluids at sea be prohibited.
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6&1 MAJOR USES AND COMPOSITION

68.1.1 Major Uses

Hydraulic fluids are used in all kinds of applications but especially in machi'nery
that moves or lifts objects. Aircraft, automobiles, trucks, forklifts, compressors,
garden tractors and many others all use hydraulic fluids in their hydraulic components
to magnify a relatively small force to do useful work. Automobiles need hydraulic
fluds as transmission and brake fluids, while supersonic jet and commercial aircraft
use them in landing gear and other equipment (21).

68.1.2 Compo, tion

Traditionally, most hydraulic fluids have been mineral base oils, specifically those
high in paraffins. Their advantages include stability to oxidation and good resistance
to foaming and wear. Another major advantage of mineral base fluids over syntheticsI is their lower cost (1823, 1824).

The development of synthetic hydraulic fluids arose from the need for fluids with
a greater range of operating temperatures. Synthetic hydraulic fluids such as the
phosphate esters provide excellent fire resistance, increasing the maximum operating
temperature by perhaps 150 C over mineral oils. In most aircraft, hydraulic lines
pass close to high temperature parts while high altitudes and speeds can produce
temperatures well below 0 C. Commonly, temperatures can range from -53 * C to
260 C (1824). It is this range of operating temperatures that dictates the type of
fluid and additives ued. Under these conditions, synthetic fluids of high autoignition
"temperatures and superior temperature-viscosity characteristics are used especially if
there is the possibility of fluid leakage or spray on or near hot surfaces. Table 68-1
provides a list of typical hydraulic fluids including mineral base and synthetic base
fluids.I Mineral base and synthetic base hydraulic fluids are fortified with approximately
0-20 volume percent additives (1825), which in most cases are identical to those used
in the crankcase oils (see Chapter 69, Table 69-2). The most common additives in
hydraulic fluids are used to modify physical/chemical characteristics; they include
viscosity improvers, inhioitors of rust and corrosicn, and inhibitors of wear, foaming
and oxidation. Generally, detergent use is minimal (21, 1823, 1824). Tables 68-2 and

V 68-3 list reported hydraulic oil/lubricating oil base stocks and their additives.

+ I

, I I I I I I I I I I I I i
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TABLE 68-2
SOME REPORTED MINERAL OIL AND SYNTHETIC OIL BASES FOR

HYDRAULIC OILA.LUBRICATING OIL"

MINERAL BASE oILmb

straighit paraffinic stock
water/oil mixtures (emulsions)
miner~I cil/trialkyl tLiophosl~hate ester blends

e-g., (OP(OHC2H.SCH1i,7) 3)/mi~neral oil
mineral oil/silicate est.,r/polyglycol blends

SYNTHETIC BASE, OILS
Orptnic Esters' (rmonobasic and dibasic acid esters, triesters, and

polyesters)
* isooctyl alipate
* isodecyl adipate

2-ethylbexyl set icate
pentaerythritol
2-ethyl-2-hydruxymethyl-1I 3-propanediol
tnimethy'olpropane

* dioctyl sebacate
di(3.methylbutyl)adipate
di(2-ethylb~ityl)azelate
trimethylolethane
dibasic acid ester/silicate ester blend (-.15% diester)
dibasic acid ester/polyglycol blend
dibasic acid ester/synthetic hydrocarbon blend (-33% diester)

Pplvoxvalkylene Glycols (polyzlvcols~d
polypropylene glycol
polyethylene glycol
polybutylene glycol
polyglycol/water blend
polyglycot'r.Aineral oil/silicate ester blend
polvglycolldibasic acid ester blend

Pbosvbate Esters'
tert-butyl-tripheiiylphosphate
triphenyiphosphate
phenyl-tn-tolyl-p-chlorophenylphosphate
tricresylphosphate
tri(2-cthvlhexyl)phosphate
diorganod it hiophos phate
triethyl phosphate
phenyIln1.trifluoromeLtIylphenyil.-naphthylphosphate

LIJ
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TABLE 68-2 (Cont.)

Urblypbosphate
trialkry5 thiophasptiate esters (OP(OCH4 ,SCH,)l-1 ))/mineral oil blend
phosphate ester/polyglycol blends (tributoxyethyLltrbutoxyethoxyethyl

phosphates)
phosphate esters/dimethyl silicone polymer blend

Silicate Estersd
tetraethyl silicate
tetra(2-ethylhexyl) silicate
tetra(2-ethylbutyl) silicate
besa(2-ethylbutaxy)) disiloxane
di-(2-ethylbexyl)silicate
cresyltriisopropyl silicate
silcate ester/dibasic acid este: blends
silicate ester blends with chlorofluorocarbons, mineral oils, silcones,

polyglycols; e.g., bis(2-ethylbexyl)propylene glycol and butylmethyl
propylene glycol/tetra alkyl ortbosilcates or hexalkoxy disiloxanes

meoo--thldieylpyioxn
pehnyldmethyl polysiloxane
chiorophenyl polysiloxane

lrifuoropropylmethyl polysiloxane

Synthetic Hydrocarbons'
alpha olefins (olefin oligomers)
2,3-dlcyclohexyl-2,3-dimethyl butane
dialkylated benzene
polyisobutylene
synthetic hydrocarbon/dibasic acid ester blend (-33% diester)

Othersb
polychlorotrifluoroetbylene
periluoroheptane
trifluorotrichioroethane
bis~pbpenoxypbenyl)ether

a) This table contains specific base chemicals or cliemical classes used in nydraulic oils
and/or lubricating oils. These chemicals may or may not be typical but all were reported
ix' the literature as possible tluid bases.

b) References 21,1822
c) References 21,1826,1&34
d) References 21,1822
e) References 1822,1829
f) References 1822,1826

g)References 21,183
h) Reference 1822
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TABLE 68-3
SOME CHEMICAL ADDITIVES USED IN MINERAL AND SYNTHETIC BASE

HYDRAULIC OIlAUBRICATING OIL*

Chemical/Class Name Typical Range Used

Oxidation Inhibitors 0-2.0% wt.4
2,6-41-tert-butyl-p-cresol
phcnothiazine
2,5-di-n-butylaminobenzoquinone
21-41.piperidylbenznquinone
2,5-di-tert-butyl-p-benzoqu inone
pyridine4
quinoline
hydroquinone
R3Sb or R3SbS R-butyl or phenyl groups
phenyl-alpba-naphthylamine
Wrethanolaminet
2-na,,thol
zinc dithiophosphate

Antiwear and E~xtreme Pressure Additives 0-6% wt.e
triaresyl phosphate
zinc diorganodithiophosphate
zinc diisodecyldithiophosphzte
zinc di-n-butyldi thiophosp hate
a-tosyltetrapropenyl succinimide
bexadecyldiethyldithiocarbanate
benzyl disulfide
tungsten sulfide

Rust And Corrosion Inhibitors 0-2.0%1/ wt.'
barium dinonyinaphthyiene
n-tosyl tetra pro penyl succinimidde
zinc dithiophosphate
dicyclohexamine
diisobutyl ketone

Viscosity Index (VI) lImprovers 0-20% wt.*
polyisobutylenes

polymethacrytatest

ethylene-propylene copolymers
styrene-butadiene copolynmers
bydroxy cellulose etber,
silicone polymers (methyl and diirethyl oolysiloxanes)
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TABLE 68-3 (Cont.)

DeternsLDipersants 0-20% wt.'
polyisobutenyl succinic anhydrides
borated alkenyl succinimides
oxazoline
phosphonates and thiophosphates
alkyl phenols and alkyl phenol sulfides
alkyl methacryiate-dimethylaminoethyl methacrylate copolymers
alkyl methacrylate.n-vinylpyrrolidone copolymers
vinyl acetate-d•iakyl fumarate-maleic anhydride copolymp~rs

a) This table contains specific chemical additives used in hydraulic oils and/or lubricating
oil. These chemicals may or may not be the typical additives but all were reported in
the literature as possible chemical additives.

b) References 21, 1823, 1831, 1832, 1834, 1835, 1836
c) References 21, 1821, 1825, 1826, 1827, 1833
d) References 21, 1821, 1822, 1823, 1825
e) References 21, 1824, 1825, 1832, 1835, 1836

V:l) References 21, 1822, 1827

6&2 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS

68.2.1 Transport in Soil/Grounid-water Systems

Most hydraulic fluids (except the more water soluble esters and glycols and
oil-water emulsions) are expected to be quite immobile ;n the soil/ground-water
environment. Bulk quantities of the oil (from a spill or improper disposal) might be
carried slowly through the unsaturated zone to the top of the water table, but the
high viscosity and low water solubility would mitigate this response. Most likely, at
least with moderate to small spills, the oil would remain entrained in the pores of the
soil near the surface. This would be more likely for low porosity and high organiccarbon content soils, and less likely for sandy, porous soils.

Transpcrt and subsequent fate of dissolved constituents of these oils will vary
depending on the physicochemical (and biological) properties of the constituents.
Some constituents will dissolve more quickly 'in the percolating ground-waters, be
s,3rbed less strongly on the soils (thus being transported more rapidly), and may beS i i more, or less, s us~ceptible to degradation by chemical or biological action. The

irelative oncentrations of the constituents of the oil will vary with time and distance
fr'om the site of initial ontamination. This effect is "lied 'weathering". (This termis also used to dscribe changes to oil followring spills into surfae waters where film

spreading and breakup, and differential volatilization, dissolution and degradation all
are involved.)I As noted in Tables 68-1, 68-2, and 68-3, there are a wide variety of base

'materials and additives that may be present in hydraulic fluiL. More focused

U.
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discussions of the soil~ground-water mobility and persistence of hydrocarbon-based oils
are presented in Chapter 69 'Mineral Base Crank Case Oil) of this Guide. Chapter
70 (Synthetic Crankcase Oil) generally covers some of the same esters and glycols
which are used in hydraulic fluils. Some data on phosphate esters are provided in
Chapter 49 of this Guide.

No equilibrium partitioning model calculations (as have been given for most
other chemicals in this Guide) are gi-ven for these fluids. This is due to the wide
variety of materials (chemical classes) covered by the category of hydraulic fluids, to
the lack of any real data on their physicochemical properties of environmental
importance, and to the wide range of partitioning behaviors thai could be 'shown from
the highly immobile aliphatic and aromatic hydrocarbons to the mobile organic esters,
polyglycols and phosphate ester fluids. To provide model outputs in this case would
involve excessIve speculation (on the needed physicochemical properties) and allow
eý,sy misuse of model results.

<'L The aqueous phase mobility of oil constituents could be significantly enhanced if
the oil was in the form of a very fine emulsion, or if the percolating ground-water
contained a significant amount of dissolved organic carbon (e.g., humic and fulvic
acids, fatty acids, or chlorinated solvents) from other natural sources or other
discharged materials. The dissolved organic carbon, much of it possibly in the form
of colloidal particles, could absorb the oil constituents and assist in their transport
through the soil/grovind .water system.

Volatilization of constituents from the hydraulic fluids would be slow because of
the low vapor- pressures involved (presumably <I mm Hg at 25"C for individu .1
constituents, with many below 1E-06 mm Hg). However, given that spilled oils may
remain near the soil surface, making volatilization easier, that the material is resistant
to leaching and degradation; and that the Henry's law constant may be moderatcly
high, at least for the hydrocarbons, it is thus presumed that volatilization wi!l be a
major loss mechanism for spilled hydraulic fluid over time periods of weeks to year,.
Because the lower molecular weight (more liquid) constituents would tend to
volatilize first, the remaining material would generally have lower vol3tilities aid
lower water solubilities.

682.2 Transformation ProcL-ses in SoWlGround-water Systems

An assessment of environmental persistence For hydraulic fluisti is difficult given
the variety of materials involved and the lack of pertinent data. Thus, most of the
statements given below are both general and sp!etilative in nature. Only fae
phosphate esters have been the subject of svere31 environmental studies (see Chapter
49 of this Guide and references 1490 and 14%).

Hydraulic fluid oils are expected to be moderately persistent in the
soil/ground-water environment because of their resistance to hydrolysis, oxidation and
biodegrauation. *The general resistance to hydrolysis (for saturated and unsaturated

!•: .!)i• : J
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hydrocarbons) is described by Harris (529). However, the organic esters, phosphate

esters and polyglycols would be somewhat more susceptible to hydrolysis, especially
under basic conditions.

The assessment of the resistance to biodegradation is more complex. Most of
the molecules are so large that passage through cell walls (where metabolism or
degradation is relatively easy) is hindered and much of the biodegradation must be
carried out by extracellular enzymes secreted by the microbes. Such difficulties aside,
many studies on petroleum hydrocarbon materials (oils as well as light distiilates) have
shown moderate to high eventual susceptibilty to biodegradation for the bulk of the
material (1842). A period of microbial adaptation may be required. The organic
esters, phosphate esters and polyglycols would be expected to be more readily
biodegraded.

Different constituents of the oil will differ significantly in their biodegradability
for reasons related to molecular size, structure and toxicity. For example, highly
branched alkanes are much less biodegradable than linear alkanes, and polycyclic
aromatic hydrocarbons %ith three or more rings are very resistant to biodegradation
(515). For all hydrocarbons, aerobic biodegradation would be expected to be much
more important than anaerobic biodegradation (1841). Because of this, and because
of the deciease in microbiological activity with increasing soil depth, oil constitutents
reaching deep anaerobic soils could persist for very long time periods.

6.2-3 Primari Routes of Exposure from Soil/Ground-water Systems

The above discussion of fate pathways suggests that the components of hydraulic
fluids will vary widely in their volatility, tendency to sorb to soil, and potential for
bioaccumulation. However, the base stock of hydraulic fluids manufactured with
mineral oils 3re expected to be very stroagly sor.ed to soil because of their high
molecular weight and low wat'.er solubilty. These compounds have extremely low

volatility in pure form, but when present in water may have relatively high volatility
due io their low solubility. They are no! expected to be readily bioaccumrlated
because their large size makes their p-sage through cAll walls difficult.

Polyglycol-based hydraulic fluids and fractions composed of phosphate esters and
organic esters are expected to have low volaility (because of their high water
solubility and low vapo. pressure) and be weakly sorbed to soil. They would also be
expected to have a low potential for bioaccuinulation because of their high solubility
and susceptibity to biodegradation. Despite the variability in the properties of the
components of hydraulic fluids, several potential exposure pathways can be inferred.

Vulafilization of hydraulic fluids that are spilled or improperly dispoe of is not
expected to result in significant exposure of workers or residents in the area,
regardless of the type of fluid. Oil-based fluids would be rapidly sorved to the &oil,
and only a very small fraction of the oil would volatilize. Fluids bascd on polyg~ycols,
organic esters and phosphate ester; would not readily volatilize.
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Ground-water contamination may be a significant exposure pathway for water
soluble hydraulic fluids, including oil-water emulsions, polyglycols, organic esters and
phosphate esters. Exposure may occur through the direct use of ground-water
drinking water supplies or indirectly through ground-water discharge to surface waters.
Surface waters may also be contaminated by the discharge of soil particles to whicb
hydraulic fluids (especially mineral oil base fluids) have been sorbed. Where surface
waters have been contaminated, ingestion exposures may occur from their use as
drinking water supplies and dermal exposures may result from their recreational use.
The uptake of hydraulic fluids by aquatic organisms or domestic animals is not
expected to result in significant exposure.

6&2.4 Otber Sources of Human Exposure

Data on ambient concentrations of hydraulic fluids in air and water, as well as
food and drinking water, are not available in the literature. This should not be
surprising since they are complex mixtures, are not distri'buted widely in the
environment, and (except for the mineral base fluids) consist mainly of non-persistent
compounds.

Aside flora those involved in their manufacture, the personnel likely to receive
the greatest exposure to hydraulic fluids are those employed in servicing and
maintaining equipment. Although inhalation exposu.res are not expected to be large,
these personnel may experience large dermal exposures if protective glove- and
clothing are not worn during maintenance operations. Operators of hydraulic
equipment would be expected to experience. only small exposures because the vcry
nature of hydraulic systems is to keep the fluid contained, and volatilization froin
reservoirs is likely to be minimal.

68.3 HUMAN HEALTH CONSIDERATIONS

Hydraulic fluids do not appear Z. be toxic to animals (2228); however, 'Lhe
composition and level of additives vary greatly. Major components usually include
ethylene glycol, polyethylene glycoi and tri-ortho cresyl phosphate (TOCP). A review
of the toxicity of TOG? and ethylene glycol may be found in Chapter 49 and Chapter
43, respectively, of the IRP Toxizology Guide.

6&3.1 Animal Studies

60.11 Carcinogeicity

No specfic data on the carcinogenicity of hydrauic fluids were found.
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68.3.12 Mutagenicity
No specific studies on the mutagenicity of hydraulic fluids were found in the

literature.

6931.3 Teto icity, Embryo ity ad Reproductive Effects

No specific studies were located in the literature.

68.3.1.4 Other Toxicologic Effects

68.3.1.4.1 Short-term Toxicity

MLO .g2-233 is a synthetic hydrogenated polyalpha olefin with a nominal CJL•
formula while MLO 82-585 is a naphthionic type petroleum oil. Both compounds
contain tricresyl phosphate with unspecified amounts of TOCP. Neither hydraulic
fluid was toxic following ingeztion of 5 mb/kg in Sprague-Dawley ;ats, dermal
application of 2 mg/kg in New Zealand rabbits, or a 6-hour whole body inhalation
study with 1148 mg/m3 in Sprague-Dawley rats. No ocular irritation occurred when
0.1 mL of either fluid was instilled in the eye of albino rabbits. The synthetic
hydraulic fluid also did not produce irritation when applied undiluted to the intact or
abraded skin of albino rabbit.; howeer, the petroleum hydraulic fluid produced a
"moderate, reverible primary s!L.n reaction. Neither hydraulic fluid was considered a
skin sensitizer or a delayed neurotoin (2231).

Similarly, no oral or dermal toxicity was reported. There was no indication of
eye or skin irritation or skin sensitization following exposure of Fischer 344 rats and
New Zealand white rabbits to a cyclotriphosphazene-based hydraulic fluid, containing
0.1% tolytriazole as a copper corrosion inhibitor (1936).

The Navy hydraulic fluid, Plurasafe® MC200, produced a slight skin sensitizing
reaction in guinea pigs (1936). One animal responded to the challenge dose of 0.1
mL hydraulic fluid with a mild erythematous reaction at 24 hours which increased in
severity by 48 hours. One week later, animals were challenged a second time which
resulted in two additionai cases of sensitization.

Triaryl phosphate hydraulic fluids administered orally to white Vantress hens daily
for 5 days resulted in signs of toxicity identical to TOCP poisoning. After a latent
period of 8 to 14 days, treated birds tired easily and squatted in a characteristic pose.
Leg weakness, loss of balance, and clumsiness soon followed. Maximum paralysis
occurred 15 to 16 days after treatment along with excessive salivation, lacrimation,
and severe diarrher. Death was attributed to a combination of toxicity, starvation,
and dehydration (2230).



68-24 HYDRAUU FLUID

In an inhalation study involving six synthetic hydraulic fluids (2233), ure of
Sprague-Dawley rzas to 6.43 mg/L (duration not stated) of one of the fluids N501 -
Supplied by Gulf R&D Company) resulted in the death of all animals within 24 hours
of exposure. Signs of toxicity included rough coat, labored respiration, and l thargy.
The LCM value was found to be 2 mg/L for a 4-hour exposure. No mortali 'or toxic
effects were reported in rats exposed to the remaining five compounds. The
investigators attributed the toxic effects of N501 to one or more of the addi+ ves.

68.31.4.2 Chroni Taxcity

A long-term continuous inhalation study was performed with a triaryl phosphate
hydraulic fluid used by the U.S. Navy (2230). The fluid contained a mi-ture of
tricresyl phosphates, trixylenyl phosphates, and other trialkyphenyl phosphat . The
TOCP content was reported to be less than 1.5%. Animals were exposed i a
chamber to 1.8 to 110 mg/m' hydraulic fluid mist 24 hours/day for 36 to 163 days.
No neurotoxic signs were reported in dogs, monkeys or rats. Rabbits to high
doses of hydraulic fluids (101 or 103 mgimn) developed lacrimation and gene :- ized
hind leg paralysis. An extensor type paralysis, lacrimation and thick, mucou-
salivation were reported in chickens exposed to the hydraulic fluid mist. Thse signs
of cholinergic stimulation were indistinguishable from those induced by TOC P (see
Chapter 49 of this Guide).

A 90-day aerosol exposure to a phosphate ester base hydraulic fluid, Di "ad
MP2SO, resulted in toxicity 3 dsys after exposure to 100 mg/mr was initiated (2233).
Rabbits became anorexic and lethargic, and cachexia and head droop were noted
prior to death. All animals died by the 49th exposure day. Kyphosis (hunch back)
was noted in rats exposed to 100 mg/mn of Durad MP280 along with a rough hair
coat and unkempt appearance. A decrease in weight gain was also reported (2233).

68.3.2 Human an Epklemiokogic Studies

6&3-11 Short-term Toxicologic Effects

No acute human data were found on hydraulic fluids.

6F3.2-2 Chronic Tadcoloi Effects

Jarvholm et al. (3337) describe polyneuropathy experienced by a 48-yr-old
mechanic who was heavily exposed to hydraulic fluids containing 0.5% isop opylated
triphenylphosphate ior two years. While testing hydraulic systems in ships,' the
mechanic was frequently exposed to hydraulic fluid by extensive dermal contact as
well as to oil mists by inhalation. The syrnrtoms included weakness in his nnns and
forearms. Slight muscular weakness persisted for a follow-up period of mo e thLn
three years. The investigators suggest a possible association between heavy occupa-
tional exposure to hydraulic fluids containing triarylphosphates ind polyneu ropathy.

j
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Employees of a coal company using Solcenic-3A hydraulic fluid or working near
its area of use reported eye, skin, or respiratory irritation. Solcenic-2 fluid produced
no symptoms (3141). Chemical analysis showed that Solcenic-3A contained
dipropylene glycol isomers and ethanolamine, compounds which may lower the
Solcenic-3A odor threshold. The symptoms were attributed to a reaction to its
strong vapor.

6&3.3 Txicology of Hydraulic Fluid Components

The composition of hydraulic fluid varies greatly and usually depends upon the
specific conditions of use. Since the exact composition of the oils is constantly
changing and difficult to define, the toxicology of component classes are briefly
discussed below. See Table 68-4 fo. the acute toxicity data of specific compounds.

Organic esters

Organic esters generally found in lubricating oils and hydraulic fluids include
adipates (hexane dioic acid ester), sebacates (1,8-octane dicarboxylic acid ester), and
dibasic acid esters. Dibasic acid esters are primarily non-toxic via ingestion or skin
absorption. The only effect noted from dermal contact may be a drying of the skin
(1822). Di(2-hexoxyethyl)succinate is a sebacate which is relatively non-toxic to
animals. In humans it is expected tI- have a low toxicity. Large doses may produce
CNS depression, nausea, vomiting, and transient liver and kidney injury (12). Not all
neopentyl esters have been tested for toxicity, but studies with trimetaylopropane
ester showed a toxic level comparable to that of mineral oil (1822).

Polyglycols

Ingestion of polyglycols ih unlikely, but small amounts produce no toxic effect.
"No cases of skin irritation or skin sensitization have beev reported; mild irritation to
the eyelid has been reported but effects were only trans'tory. Usually no inhalatior
hazard exists but at high temperatures, where vapors are likely to form, adequate-
ventilation should be provided (1822).

Ucon® fluids are a mixture of polyalkylene glycols and diesters. 50-HB-260,
50-HB-5100, 25-H-2005 and 75-H.1400 exhibit a low single-dose oral toxicity with
LD" values for the male rat ranging from 5.95 to >64 mL/kg bw; oral LD, values
for the rabbit range from 1.77 to 35.4 mL/kg bw. The lower molecular weight
compounds are more toxic. A dose-related granular degeneration of the cytoplasm of
the smooth muscle in the intestinal wall was noted in dogs fed 25-H-2005 for twoI• years. The significance of this finding is unknown. No other adverse effects were
shown. The only adverse effect observed in rats fed up to 0.5 g/kg/day of 25-H.2005

for two years was a slight growth depression in females (12).

LI,.
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TABLE 6894
ACUTE TOXICITY OF SELECT7ED COMPONENTS OF

HYDRAULIC FLUID

Oral Dermnal Inhalation
Compound (mg/kg) (mg/kg) (ppm)

2-etbyihexylsebacate LD., [rat]: 1280-
pentaerythritol LD,0 [mouse].' 25,500--

Alpolypropylene glycol LD, [rat]: 419-
polyethylene glycol LD.. [rat], 33,750--
triphenylphosphate LDL.. [rat): 3000-
tricresylphosphate LDL. [rat): 4630-
tri-ortho-cresyl-
phosphate LD5, [rat]: 3000-

LD.., [human]: 1000-
tri(2-ethylhexyl)

phosphate LD., 'rat]: 37,000 LDL. [rabbit,]:
20,000

triethylphosphate LD~, [rat]: 1600
tetraethyl silcate LDL. [rat]: 1000 - LC,.u [rat]:

1000 .4 hr
tetra(2-ethylbutyl) LD,0 [rat]: 20,000--

silicate
trifluorotrichioroethane LD~ rt:4,0 TCL. [rat]:

87,000 6 hr

Source: 47
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No carcinogenic effects were observed in rats orally administered Ucon(rtm)
fluids in the diet or in mice dermally exposed to these compounds (13).

Polyethylene glycol applied to the open wounds of rabbits resulted in metabolic
acidosis and changen in blood chemistry consistent with nephrotoxicity (2225). Effects
were attributed to the metabolism of polyethylene glyvol to toxic comp6unds (such as
hydroxyglycolic and diglycolic acid homologues) wh:ch are efficient chelators of
calcium. The mechanism of damage was similar to that associated with ethylene
glycol-mediated renal failure. See discusion of the toxic effects of ethylene glycol in
Chapter 43 of the Installation Restoration Program Toxicology Guide, Volume 2.

No adverse changes in clinical, biochemical, or hematological parameters
developed in rats fed 2 mLkg/day polyethylene glycol 400 (duration not specified)
(2224). Examination of monkeys administered the same treatment revealed a
deposition of oxalate crystals in the cortical tubules of the kidney (2224).

"Phosphate esters
Organic phosphates possess excellent thermal stability and chemical solvency

properties which makes them valuable hydraulic fluid components (1822).

Organic phosphates are readily absorbed through the skin and can be inhaled.
Ingestion is rare. Signs of toxicity following excessive exposure reflect stimulation of
the autonomic and central nervous systems, resulting from inhibition of
acetylcholinestcrase and the consequent accumulation of acetylcholine. The initial
effect is on smooth muscle, cardiac muscle, and exocrine glands. Early signs of
toxicity include intestinal cramps, tightness in the chest, blurred vision, headaches,
diarrhea, decreased blood pressure, and salivation. The second stage of intoxication
results from stimulation of the peripheral motor system and of all autonomic ganglia.
Toxic signs include stimulation and/or paralysis of the somatic, autonornic and central
nervous systems.

Chronic administration of low doses of organic phosphates produce a measurable
decrease in cholinesterase activity. Toxic effects are nonexistent to slight and may
result in diarrhea and tremors. Delayed paralysis in man and animals due to a
"degeneration of the axons in the spinal cord and peripheral nerves has also been
"associated with organic phomph.ites, particularly tri-o-cresyl phosphate (TOCP) (13).
See Chapter 49 of the Installation Restoration Program Toxicology Guide for a
complete discussion on TOCP.

Silicate esters

The toxicity of the orthosilicates and disiloxanes vary widely and range from
almost completely innocuous to rather poisonous (1822). Injection of ethyl silicate
compounds into the Akin of rabbits produced transient erythema, edema, and sligH
necrosis at the injection site. When instilled into the rabbit eye, it produced tran:sient
irritation. Inhalation of 400 ppm by rats for 7 hours/day for 30 days caused mortality
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and lung, liver, and kidney pathological effects. Inhalation of 88 ppm caused no
effects (12).

S..... Silicones

Generally, silicones are not irritating to the skin and cause no corneal damage
when splashed into the eye. Slight temporary irritation to the eye has been reported
in some individuals with effects disappearing within 24 hours. Toxic materials may
also be emitted during decomposition of fluorinated silicone polymers at temperatures
above 5700F (1822).

In chronic feeding experiments, rats treated with hexamethyl disiloxane (HMS)
" * showed widespread systemic irritation. Rabbits injected inradermally with HMS

developed edema and necrosis at the injection sites. Siloxanes injected into the
rabbit eye resulted in transient irritation with complete clearing after 48 hours.
When inhaled at 4400 ppm for 19 to 26 days, -MS caused slight depression in the
rat and guinea pig, with a very slight increase in rat liver and kidney weights (12,13).

Silicone resins had no influence on health when fed for 94 days to rats, and did
not result in irritation to rabbit skin or eyes. No toxic effects were reported when
injected into rats intraperitoneally (12).

"Rats fed a dietary level of 0.3% Antifoam AI for two years showed no

significant toxic, effect. Long-term feeding studies in mice reported similar results;

however, a single subcutaneous injection of 0.2 mL antifoam showed a grzater
incidence of cysts at the site of injection (13).

Polydimethyl siloxane caused no evident changes when tested for reproductive
and teratologic effects in rats and rabbits, or testicular effects in rabbits.
"Dimethylphenylmethyl polysiloxane, tris(trimethylsiloxy)phenylsilane, and
trifluoropropylmethyl polysiloxane were also negative in male reproductive studies
(13).

Other

"Other components of hydraulIc fluids include polyphenyl ethers. Studies with
phenyl ether show no toxicological effects following inhalation of vapors or contact
with skin. Bis(p-phenoxyphenyl)ether, bis(m-phenoxyphenyl)ether, and

m-bis(m-phenoxyhenoxy)benzene cause no irritation in skin tests with rabbits an.d
only mild transient irritation in acute eye tests. These compounds were practically
non-toxic in acute oral and intraperitoneal tests with rats. Phenolic degradation
products formed during use of these materials under severe conditions are expected
to increase toxicity (1822).
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Ijyraulic fluid Additives

Information available on additi es used in hydraulic fluid is limited. Selected
compounds are briefly discussed below. Refer to Table 68-5frteauetxct
data of specific additives.

2,6-Di-tert-butyl-p-cresol, more ýomnyknown as butylated hydroxytoluene or
BHT, is used as an oxidation inhibitor in synthetic crankcase oil and hydraulic fluids.

BHT inhibits tumorigenesis wh n multiple doses are administeree. before a
carcinogen while the incidence of h patomas induced by 2-acetylaminofluorene and
the number of pulmonary adenomasJ induced by ureth~ann' were augmented by
post-treatment woith BHT (17). The~ NO bioassay for carcibogenic effects of BHT in
rats and mice was negative (17).

A reported teratogenic effect o an~ophthalmiia in rats has never been duplicated
(17).1

Various morphological and bioc emical changes have been observed in
experimental animals fed extremely lýigh doses of BUT. Adverse effects included a
dose-dependent reduction in growth 'rate and alveolar epithelial damage in mice which
progressed to fibrosis when pure oxygen followed the B11T exposure.
Dose-dependent fatalities occurred. from massive hemorrhages into the pleural and
peritoneal cavities while survivors suffered hemorrhages of the epididymis, testis, nasal
cavity, and pancreas. Liver changes in rats, mice and monkeys included enlargement,
induction of microsomal enzymes, anid an increased synthesis Qf hepatic smooth
endoplasrnic reticulum (17).

BHT is rrildly irritating to human skin and severely irritating to rabbit eyes (17).

Phenothiazine

At one time, phenothiazine was 'u -sed in human medicinc as an anthelmintic and
urinary antiseptic. Currently, it is an, important antipsychotic drug used to diminish
motor activity and alter psychotic behavior (17,16).

Side effects of phenothiazine includc toxic hepatitis and jzundice, leukocytosis,
leukopenia, eosiniophili3, and hemoly'tic anemia. Dermatitis, hypersensitivity, and
photosensi.tivity have also been repo ted in phenothiazine treated individuals (17,16)
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TABLE 68-5
ACUTE TOXIC~IY OF SELECTED ADDITIVES OF HYDRAULIC FLUID

Oral Dermal Inhalation
Compound (mg/kg) (ng/kg) (ppm)

Z6-di-tert-butyl-
p-cresol LD5. [rat): 890-

phenothiazine LD5. [rat]: 5000
LDL, [child]: 425

pyiieLD.,~ [rat]: 891 LDI.. [rabbit]: LC,, [rat]:
1121 4000.4 hr

quxilieLDs. [rat]: 331 LD)5 [rabbit]:
540

* hydroquinone LD5. [rat]: 320
LDL. [human]: 29-

phenyl-alpha-
naphtbylamine LI.D, [rat]: 162-5

trietbanolamine I).D. [rat]: 8680-

2-naphithol LD5. [rat]: 2420

zinc dithiophosphate LD~, [rabbit]: 2130
tricresyl phosphate LDL. [rat]: 4680
tri-ortho-cresyl LD,0 [rat]: 3000

phosphate LDL,. [human]: 1000

diizobutylketone LD5. [rat]: 5750 LD,5 [rabbit]: LCL. [rat]:
20,000 2000.4 hr

LCý., [human]:
50

Reference: 47
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Tri-ortho-cresvl thosphate (TOCP)

"TOCP is known to cause peripheral nervous system damage leading to
"neuromuscular problems (2216). For a complete discussion of the toxicological
effects of TOCP, see Chapter 49 of this Guide.

Zinc dithiothosphate

Zinc dialkyldithiophosphate (ZDDP) has a low acute systemic toxicity with an
oral LD, value of greater than 2 g/kg bw and a dermal LD, value in excess of 3 g/kg
(2317).

Undiluted ZDDP is a severe eye irritant; however, the diluted product, used as
the additive in hydraulic fluids and synthetic crankcase oils, is regarded as
non-irritating. Prolonged contact with undiluted ZDDP is irritating to the skin hnd
produces moderate to severe erythema and edema. Repeated contact results in
fissuring and exfoliation (2317).

In subchronic toxicity studies, ZDDP primarily affected the reproductive organs
"of male rabbits. Dermal application of 5 to 25% ZDDP five days a week for three
consecutive weeks resulted in decreased sperm counts and some testicular atrophy
(2216). Some studies suggest that the male reproductive effects may be physiological
and related to body weight loss and rediced food consumption rather than to the
toxic effects of ZDDP (1217).

Pyridine

Pyridine is absorbed from the respiratory and gastrointestinal tracts. Skin
absorption is not significant although contact may result in dermatitis. Short-term
toxic effects in animals are linked to central nervous depression. Prolonged daily
administration of pyridine to rats produced hepatorenal damage (17).

Acute toxicity resulting from the ingestion of several ounces of pyridine produced
severe vomiting, diarrhea, hyperpyrexia, and delirium. Death occurred 43 hours
post-ingestion. Autopsy revealed pulmonary edema and membranous
tracheobronchitis which was thought to result from aspiration of pyridine into the
lung. A small oral dose of 2 to 3 mL pyridine in man produced mild anorexia,
nausea, fatigue and mental depression (17).

Hjdrorguinone

Hydroquinone is irritating to the skin but not corrosive. Skin lesions in man are
generally described as depigmentation. Fatal hvman doses range from 5 to 12 grarns.
Systemic effects include tremors and convulsions plus occasional, severe hemolytic

4I
S. .. " -:i •
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anemia. No effect was reported following human ingestion of 300 to 500 mg
hydroquinone daily for three to five month. (17).

683.4 L.evy of Concern

No criteria or standards specific for hydraulic fluid were located. EPA (2012)
does list 4 criterion for oil and grease which requires domestic water supplies, to be
virtually free from oil and grease, particularly with regard to 'taste and odor.

6.31 Hazard Assesment

Toxicological data located for hydr-ulic fluids are scant. No data are currently
available regarding the carcinogenicity, mutagenicity, or reproductive effects of these
materials. Limited animal studies suggest low toxicity by oral and dermal routes in
rats and rabbits (2231, 1936) but also indica:e the potential for increased toxicity duc
to additives used in various formulations (2233). In general, hydraulic fluids do not
appear to be eye or skin irritants although specific formulations have produced
sensitization (1936).

* Long-term inhalation exposure to a mist of phosphate-based hydraulic fluid at
concentrations up to 110 mg/m' continuously for up to 163 days produced no
significant pathology in dogs, monkeys, or rats; limb paralysis was noted in rabbits and
chickens which were indistinguishable fcom effects induced by TOCP (2230).
Another inhalation study resulted in the death of treated rabbits exposed to 100
mg/m' of a pbosphate-based hydraulic fluid for up to 49 exposures (2233). Similarly
exposed rats exhibited a rough coat, poor grooming and a decrease in body weight
gain (2233).

68.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of the presence of hydraulic fluids in soil and watzr requires the
collection of a representative field sample and laboratory analysis for the specific
major components generally attributed to hydraulic fluids; however, the relative
concentrations of the constituents, and even the constituents themselves, will vary
with time and distance from the site of initial contamination due to weathering. The
major component categories in hydraulic fuids have been identified as the following:

Straight and branched chain aliphatic hydrocarbcns (parafFins)
Cycloparaffins
Aromatic hydrocarbons
Organic esters
Polyglycols
Phosphate esters
Silicones and silicate esters
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A combination of capillary column gas chromatography (GC) and gas
chromatography/mass spectrometry (GC/MS) techniques may be used to identify the
principal components in hydraulic fluids. Oil samples, and any samples colleptcd in
the field which are primarily organic in nature, may require separation (prior to GC
or GCMS analysis) using liquid solid column chromatography; the various column
cluates, with or without dilution in carbon disulfide, can then be analyzcd by GC or

C__/MS techniques. Aqueous samples need to be liquid-liquid extractcd with an
appropriate solvent (e.g., trichlorotrifluoroethane) prior to analysis; solid samp!es
would be extracted with trichlorotrifluorocthane using soxhlet or sonication raethods.
An aliquot of the sample extract, with or ,ithout concentration, could then bc
analyzed by GC or C_2/MS for the specific components of interest. (Camplig and
analyss considerations for ome specific components possibly present in hydrýulic
fluids, Le., benzcne, toluene, xylencs, ethyl benzene, naphthalene, TOCP and ethylene
glycol, have been addressed in previous chapters.)

Alternatively, the *oil and grease* content can be measured. This determination
wold,' not be ,w nwaa.rement of an absolute quantity of a sptecific corponmcnt but
rather the quantitative determination of groups of components with similar phNical
characteristics (i.e., common solubility in trichlorofluoroethanc). The oil and Frcasc.
content is defined as any material recovered from ex4traction with
trichlorctrifluoroethane and measured gravimetrically; the extraction method.l are
those described above for aqueous and soil samples.

A detection limit for hydraulic fluids cannot be determined; the detection limit
for specific components is expected to be in the range of jig'L for aqcous mrnp!cls
and jAg/g for non-aqueous samples.

68.5 REFERENCES

Notc: The nonsequential numbers of the references reflect the otdcr of fcfcicncC-s M
they appear in the master bibliography.

1. Aldrich Chemical Co. 1984. Aldrich C-atalog Hlandtx-)k of Fine CiwmicaN
Mi.wuukee, Wisc-nsin: Aldrich Chemical Ce., Inc.

2. American Conference of Governmental 1ndustrial Hygicnists (A..GIB 1"OA.
Documentation of the Threshold Limit Vzlues, '4th cd. Cincinnati, (Thi.

4. American Society for Testirg and Materials, B93. Annual YWenk of AS'I M
M'th'nods - Water and Environmental Technology (Section 11). tUwton,
Maryland: American Society for Testing and Matcrials.

5 Arena, J.M. 1979. Poismning. Toxicolopy. Symploms. Trcatmcnts. 41h ct.
hringfleld, Illinois: Charles C. Thom.t Pub!ishers.



" 11

68-34 HYDRAULIC FLUID

6. Berkowitz, J.B.; Goyer, M.M.; Harris, J.C.; Lyman, WJ.; Home, R.A.; Nelken,
LH.; Harrison, J.E.; Rosenblatt, D.H. 197& Literature review - problem
definition studies on selected chemicals. Volume H - Chemistry, toxicology and
potential environmental effects of selected organic pollutants. Final Report,
Contract No. DAMD17.77-C-7037. Fort Detrick, Frederick, MD: U.S. Army
Medical Research and Development Command.

10. Callahan, M.A.; Slimak, M.W,; Gabel, N.W.; May, I.P.; Fowler, J.R.: Jennings,
P.; Durfe, R.L; Whitmore, F.C.; Macstri, B.; Mabey, W.R.; Holt, B.R.; Gould,
C. 1979. Water-related environmental fate of 129 priority pollutants, Vol. I and
I. Report No. EPA-440/4-79-029a and -429b, Washington, D.C.: U.S.
Evironmental Protection Agency, Office of Water Planning and Standards.

1. Clayton, G.D.; Clayton, F.E., eds. 1981. Patty's Industrial Hygiene and
Toxicology, 3rd rev. ed., Vol. 2A, 2B, Toxicology, New York: John Wiley and
Sons, Inc.

13. Clayton, G.D.; Clayton, F.E., eds. 1982. Patty's Industrial Hygiene and
Toxicology, 3rd rev. ed., Vol. 2C, Toxicolory. New York: John Wiley and Sons,

14. Dean, J.A., ed. 1979. Lange's Handbook of Chemistry, 12th ed. New York:
McGraw-Hill Book Co.

16. Oilman, A.G.; Goodmrn, LS.; Gilman, A. 1980. Goodman and Gilman's The
Pharmacological Basis of lherapeutics, 6th ed. New York: Macmillan
Publishiug Co., Inc.

17. Gossacn, R.E.; Smith, R.P.; Hodge, H.C.; Braddock, J.E. 1984. Clinical
Toxicology of Commrcial Products, 5th ed. Baltimore: The Williams and
Wilkins Co.

21. Grayson, M.; Eckroth. D., eds. 1978. Kirk.Othmer Encyclopedia of Chemical
Technology, 3rd ed. New York. John Wiley and Sons.

23. Hawley. G.G., ed. 1981. The Condensed Chemical Dictionary, 10th ed. Nc-*
York: Van Noatrand.

30 Lion, LW.; Garbarini, D. 1983. Partitioning equilibria of volatile pollutants in
three.phase systems. Final Report (ESL.-TR.83-51), Contract No.
SF4%20-.S-C-J03S. AFB, FL- Air Force Engineering and ServicesF460, -O5 Tyndall -EnBieerin

Center, Engineering and Services Laboratory. AD-A137 207.

k



HYDRAUUC FLUID 68-351

47. Registry of Toxic Effects of Chemical Substances (RTECS) Database. 1984.
.V.'aiabke through the National Library of Medicine's MEDLARS system,
Nationri! Institute of Occu~pational Safety and Health (NIOSH).

60. U.S. CoAst Guard 19178 CHRIS Hazardous Chcmical Data Report No.
M16465.12 COMDINST. Washington, D.C: Department of Transportation,
U.S, Coast Guard. (Available US G.P.O., Stock No. 050-012-00147-2).

62. U.S. Environmental Protection Agency 1982 National revised primary drinking
water regulation, volatile synthetic organic chemicals in drinking water;
advanced notice of propm~d nulemaking. Federal Register 47(43): 9349.

100. National Cancer Institute 1976. Report on carcinogenesis bioassay of
chloroform ;vashington, D.C. March 1976.

183. Maltoni, C., 1976. Predictivt, value of carcinogenesis bioassays. Saffioti, U.;
Wagoner, JXK e&i Annals cf the New York Ac~aderay of Sciences. Tox~icity of
vinyl chloride - Polyvinyl Chloride. New York: New York Academy of Sciences
246:195-21&.

305. Subchapter C - Hazardous materials 'regulations. 49CFRI71-177

309. ConstitucLnu prohibited as other than trace contaminants. 40CFR227.6

351. Toxic pollutants. 40CFR401.15

355. Federal Register 1980. Water quality criteria documents; availability, 45:79318&

505. National Fire Protection As~sociation, 1975. Manual of Hazardous Chemical
Reactions. Quincy, MA. NFPA. Publication No. 491M-1975.

507. Material Sjiety Data Shecets and other safety-related data from chemical
maniufacturers.

511. Hatayama, H.K; Chen, 11.; deVera. E.R.. Stephens, R.D.; Strom, D.L., 1980.
A method for determining the compatibility of hazardous wastes. Municipal
Environmental R~sarch Laboratory. Cincinnati, OH. EPA Report 600/2430-
076, PB80-221005.

515. Scow, K. 1982. Rate of biodegradation. Lyman, W.I.; Reehl, W.F., Roseniblawi,
D., eds. Handbook of Chemical Property Estimation Methods. New York:
Mc~raw-Hill Book Co.

529. Harris, J. 1982. Rate of hydrolysis. Lyman. W.J.; Rechl, W.F.; Rosenhblatt. D.,
eds. Handbook of Chemical Property Estimation Methods. New York:
McGraw-Hill Book Co.



-77-. 1

68&36 HYDRAULIC FLUID

535. Council of European Communities Directive on the Discharge of Dangerous
Substances. 4 May 1976. (76/464/EEC-OJ L.129, 18 May 1976).

536. Council of European Communities Directive on Fishing Water Quality. 18 July
197&. (76/659/EEC-OJ L222, 14 August 1978).

537. Council of European Communities Directive on the Quality Required of Shellfish
Waters. 33 October 1979. (79y923/EEC-OJ L.281, 10 November 1979).

538. Council of European Communities Directive on Groundwater. 17 December 1979
(80/68/EEC-OJ L.20, 26 Janua.y 1980).

542. Council of European Cornmun~ties Directive on Toxic and Dangerous Waste. 20
March 1978.

787. Council of European Communities Directive on Classification, Packaging and
Labelling of Dangerous Substance. 27 June 1967. (67/548/EEC - 03 L.196, 16
August 1967; as amended by 69/81/EEC;, 19 March 1969; 701189/EEC, 14 Match
1970; 71/144/E-EC, 29 March 1971; 73/1461EEC, 25 June 1973; 75/409/EEC, 14
July 1975; 76/907/EEC, 30 December 1976; 79/831/EEC, 15 October 1979,
83/467/EEC. 29 July 1983).

1217. Sanders, P.F.; Sc*t.- 3.N 1983. A chamber for measuring volatilization of
pesticides from model soil and water disposal system. Chemcsxph.crc
12:999-1012.

1490. Seager, V.W.; Hicks, 0.; Michael, P.R.-. Tucker, S.E. 1979. Environmental fate
of selected phosphate esters. Environ. Sci. Technol. 13:840-844.

1496. Howard, PHA.; Deo, P.G. 1979. Degradation of aryl phosphAtes in aquatic
environments. Bull. Environ. Contain. Toxicol. 22.337-344.

1793. Proposal for a Council Directive on the Dumping of Waste at Sea. Coin (85)
373 Final. 4 July 19695.

1821. International Agency for Resarch on Cancer (IALRC) 1983. Working Group
on the Evaluation of the Carcinogenic Risk of Chemicals to Humaris. IARC
Monographs on the Evaluation of the Carcinogenic Risk of Chemir to
Humana. Vol. 33 Geneva: Wotld Health Organization.

1822. Gur.icerson, R.C.. Hart, A.W.. eds. 1962. Synthetic Lubricants. New York:
Reinhold P`6flsh~ng Corporation.



77

HYDRAUIJC FLUID 6&.17

1823. Bigda, RJ. and Associates 1980. Review of all lubricants used in the U.S. and
their re-refining potential U.S. Dept. of Energy, Division of Industrial Energy
Conservation. Contract No. DE-ATI9-78,B30227, 83 p.

1824. Guthrie, V.B., ed. 1960. Petroleum Products Handbook, 1st ed. New York:
McGraw-Hill Book Company.

1825. Hagnaucr, G.5.; Bowse, B.M. 1981. Analysis of hydraulic fluids using
high-performance liquid chromatography. Lubrication Engineering 37:336-343.

1826. Cotton, F.O., 1982, Waste Lubricating Oil: An Annotated Review. U.S. Dept.
of Energy, Division of Industrial Energy Conservation. pp. 163-183.

1827. Schetelich, A.; Tunkel, N.; Brownawell, D., 1985, Lubricating oil composition.
United States Patent No. 4,502,970. Exxon Research and Engineering Co;
Mar. 5.

1829. Military Specificawion Hydraulic Fluid, Fire Resistant, Non-Neurotoxic, 1981,
MIL-H-.. S'/qsi), I'ept. of Defense. April 28.

1831. Military Specification Hydraulic Fluid, Petroleum Base Intermediate Viscosity,
1977, MIL-F-47174A(MI), Dept. of Defense. Oct. 7.

1832. Military Specification Hydraulic fluid, Petroleum Base; Aircraft, Missile, and
Ordnance, 1980, MIl.-H-5606E, Dept. of Defens,-. Aug. 29.

1833. Military Specification Hydraulic Fluid, Petroleum Base, High Temperatu-e,
Flight Vehicle, 1966, MIL-H-27601A(USAF), Dept. of Defense. Jan. 7.

1834. Military Specification Hydraulic Fluid, Fire Resistant, Synthetic Hydrocarbon
Base, Aircraft, Metric, Nato Code Nuniber H-537, 1986, MIL-H-83282C, Dept.
of Defense. ,tar. 25.

1835. Military Specification HyJ-'0c' fluid, Petroleum Base, Ultri-Low Temperature,
Metric, 1984, MIL-H-81019D, Dept. of Defense. Mar. 30.

1836. North Atlantic Treaty Organization, Military Agency for standardization, 1985,
Hydraulic Fluids, Petroleum H-515 and H-520. MAS (AIR)43 - F&L1374&
Feb. 28.

1841. Rogers, I.E. 1986. Anaerobic transformation processes: a review of the
microbiological literature. Report No. EPA/600,386142, U.S. Environmental
Protection Agency, Athens, GA.

1842. Dart, R.K; Stretton, RJ. 1980. Microbiological aspects of pollution control.
New-York: Elsevier Scientific Publishing Company.



-, - =,-7 77=77

68-38 H RAUUC FLUID

1936. MacEwen, J.D.; Vernot, E.H. 1985. Toxic Hazards Research Unit Annual
Report: 1965. Harry G. Arm.trong Aerospace Medical Research Laboratory-
AAMRL-TR-85-05& AD-A161558.

19G6. Council of European Communities Directive on Disposal of Waste Oils. 16
Jure 1975 (751439/EEC-OJ 194, 25 July 1975).

1987. Federal Register 1987. Ethyltoluenes, trimcthylbenzenes and the C9 aromatic
hydrocarbon fraction; final test standards and reporting requirements. 52:2522.

198& C9 aromatic hydrocarbon fraction. 40CFR799.2175

2012. U.S. Environmental Protection Agency 1986. Quality Criteria for Water.
Washington, DC: U.S. Environmental Protection Agency. EPA 440/5-86-001.

2216. Eyres A.R.; Molyneux, M.K.B.; Pearson, J.W.; Sanderson, JT.; Simpson, BJ.;
Tordoir, W.F. 1983. Health aspects of hlbricants. PB83-168674.

2223. Wlson, C.O.; Thomas, N.W. 1984. Interaction of tissues with polyethylene
glycol vehicles. Pharm. Internat. 5:94-97.

2224. Prentice, D.E.; Majeed, S.K. 1978. Toxicol. Lett. 2:119-122. (As cited in 2223)

2225. Herold, D.A.; Podeheaver, G.T.; Bellamy, W.T.; Fitton, LA.; Bruns, D.E.;
Edlich, R.F. 1982. Toxicity of topical polyethylene glycol. Toxicol. Appl.
Pharmicol. 65:329-335. (As cited in 2223)

22 W,rld Hei!th Organization (WHO) 1982. Selected Petroleum Products
Enif)nmental Health Criteria 20. Geneva: World Health Organization.

2230. Siegel, I.; Rudolph, H.S.; Getzkin, A.J.; Jones, R.A. 1965. Effects on
experimental animals of long-term continuous inhalation of a triaryl phosphate
hydraulic fluid. Toxicol. Appl. Pharmacol. 7:543-549.

2231. Kinkead, E.R.; Horton, J.R.; Gaworski, C(L; Solomon 1985. Acute toxicity
stu4ies on two air force hydraulic fluids (MLO 82-233 and MLO 82-583). Harry
G. Armstrong Aerospace Medical Research Laboratory AAMRL-TR-85-070.
AD-A163/74.

2233. MacEwen, J.D.; Vernot, E.H. 1983. Toxic Hazards Research Unit Annual
Techn;cal Report: 1983. Air Force Aerospace Medical Research Laboratory.
AFAM1PL-TR-83-64. AD-A136170.

2317. Hewstone, R.K. 1985. Environmental health aspects of additives for the
petroleum industry. Regulat. Toxicol. Pharmacol. 5:284-293.



HYDRAULIC FLUID 68-39

3016. Alaska Water Quality Standards 1987. Alaska Administrative Code, Water
Quality Standards, last amended 1/787. Alaska, Title 18, Chapter 70.

3135. Commonwealth of Virginia State Whter Control Board Regulations 1988.
Water Quality Standards, 11/!/88.

3141. Cornwell, R.; Stark, G. 1987. Health hazard evaluation report No.
MHTA-87-039-1837 Old Ben Coal Company, Becton, Illinois. Mining Hazard
and Technical Assistance Program, Division of Respiratory Disea=r Studies,
NIOSH, Department of Health and Human Services, Morgantown, WVA.

3220. Florida Water Quality Standards 1988. Florida Water Quality Standards 17.-3,
8/30/88.

3337. Jarvbolm, B.; Johansson, B.; Lavenius, B.; Torell, G. 1986. Exposure to
triarylphosphate and polyneuropathy: A case report. Am. J. 'Ind. Med.
9561-566.

3432. Massachusetts Water Quality Standa,&d 1983. Massachusetts 314 CMR 4.00.
12/31/83.

3501. New York Public Drinking Water Standards 1989. Code Revision, effectie
1/9/89.

3539. Occupational Safety and Health Administration 1989. Air contaminants: tinal
rule. Fed. Regist. 54:2332.

3587. Water Quality Standards for Surface Waters of the State of Arkansas 1988.
Regulation No. 2 as amended.

3672. South Dakota Water Quality Standards 1989. South Dakota Chaptcr 74:04:02.

3683. State Water Programs Telephone Survey 1989. Personal communication and
documentation. December 1988 thiough February 1989.

3719. Nebraska Water Quality Standards 1988. Nebraska Wat-r Qualty Standards for
Surface Waters of the State, revised effective 8r,29/8. Title 117.

3763. U.S. Environmental Protection Agency 1986. General pretreatment r-gulations
for existing and new sources cf pollution: 65 toxic pollutants. Fed. Regist. 1986,
51:20429, and 1988, 53:40562. 40 CFR403 Appendix B.

3852. Wyoming Water Quality Rules and Regulations 1984. Quality Standards for
Wyoming Groundwaters, 12/84. Chapter VIII.

I.



4, HYDRALC FLUID

3853. Wyoming Water Quality Rules anJ Regulations 1984. Quality Standards for
Wyoming Surface Waters, Chapter I.



COMPLEX MDCIXURE

This chapter deas with a complex mixture and/or class of compounds. The format used
for this less well-defined group of compounds was modified as necessary but follows the outline
of earlier chapters as closely as possible. It should be noted, however, that the composition of
these materials can vary according to the •oute of synthesis, the formulating ingredients added,
the interactions cf the active ingredients, or the storage conditions. These factors can influence
the nature of the material that is ultimately utilized and probably are reflected in many of the
experimental findings reported in the following chapters.

The typical comptoernts and approximrte composition of the mixtures are provided if
that information was available. Phy ical/chemical properties often were not available or varied
d-.pending on formulation. Many c. %hese mixtures are blended to modify their physical
properties according o the intendcd use. Furthermore, the formulations vary with season as
well as with geographic locations of product use. In some cases, therefore, the range for the
class of compounds was ,ven.

In addition to the data for the mixture itself, the chapter that follows also contains
sections on the principal cornionents and major additives of the mixture, their fate in the
environment and a brief o-,ervicw of their toxicity.
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CHEMICAL Branched alkanes Naphthalenes
COMPO- Cycloalkanes Polynuclear aromatic
SITION Benzenes and hydrocarbons (C1s - C,)

alkylbenzenes Linear alkanes

Hydrocarbon blends are typically incompatible with strong
oxidizers. These oils and fueLs are usually classified as
miscellaneous combustible or flammable materials for

REACTIVITY compatibility classifcation purposes. Such substances
typically evolve heat, fire, and toxic or flammable gases in
react-ons with oxidizing mineral 3cids, organic peroxides or
hydroperoxides, or strong oxidizing agents. Reactions with
explosive materials may result in an explosion (505, 507,511).

* Physical State: Liquid, oily (at 20"C) (60)
* Color: YclIow brown; depcnds on use 60)
*Odor: Lub• oil odor 60)
* Odor Threshold: No data
* Density: 0.84 to 0.9- g/mL (at 15*C) (60)
* Freeze/Melt Point: -34.40C 60)
• Boiling Point: 360.ffC 39
* Iash Point: Usually 135 0C or greater

PHYSICO- 0 Flammable Limits: No data
CHEMICAL * Autoignition Temp.: Usually 163'C or

DATA greater (60)
* Vapor Pressure: No data
0 Satd. Conc. in Air: Not pertinent
• Solubility in Water. Insoluble (60)
* Viscc•iiy: 275.00 cp (at 38*C) (60)
* Surface Tension: 3.600E+01 to 3.750E+01

dyne/cm (at 20*C) (60)
* Log (Octanol-Water

Partition Coeff.): No data
* Soil Adsorp. Coeff.: No data
* Henry's Law Const.: Not available
* Bioconc. Factor. No data

Most constituents are expected to be highly immobile in
PERSISTEN.CE the soil/ground-water sntern due to very low water
IN THE SOIL- solubilities and high soil sorption. Major loss mechanisms

WATER are volatilization and aerobic bindegradation. However,
SYSTEM loss rates are slow and oils should be considered persistent.

"Weathering" effects scen.
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The primary pathway of concern from the
soil/ground-water system is the migration of mineral base

PATHWAYS crankcase oil to vound water drinking water supplies.
OF The strong sorption of the oil components militates

EXPOSURE against this, but increases the possibility of surface water,
contamination from runoff caring soil particles to
which the 3il has been sorbed. Inha!ation exposures and
ingestion with food are not expected to be significant.

Signs and Symptoms of Short-term Human Exposure:
(60)
Ingestion of crankcase oil raults in minima!
g astrointestinal tract irritation with an increased

equency of bowel passage. Inbdlation may cause-
pulmonary irritation which may increase in severity
several hours after exposure. Skin contrat may cause
dermatitis.

Acute Toxicity Studies:
HEALTH
HAZARD ORAL

DATA LD, >213 g/kg Rat (1924)

SKIN:
LD., >15 .g/kg Rodent (13)

Long-Term Effects: Dermatitis, respiratory tract
irritation
Pregnanc,'eonatr Data: No data
Genotoxicity Data: Used motor oil positive in
Salmonella
Carcinogenicity Classification:
IARC - Group 3 (not class~fiable as to its

carcinogenicity to humans)
NTP - None assigned
EPA - No data

HANDLING Protective equipment includes protective gloves and
PRECAUTIONS goggles or face shield.(60)
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS D
CRITERL4

0 SATWA (8-br): petroleum distllates (naphtha) 4Jpm
0 AFOSI! TWA (8-hr). petroleum ditliates (napbthm) ppm;

STEL (15-min): 500 ppm

Qdteria
"* MIGSH IDLH (30-nin): ptroleum distilates (naphtha)- IG,000 p m
"* NICSH REL (10-hi TWA): petroleum distillates (naptitha)-350 ng/M3
"* NIOSH CL (1 S-mm): petroleum distillatcs; (naphtha).1800 mg/rn

*ACGIH T`LV® (F-hr TWA): petroleum distflates (naphtha)-
ncne established

*ACGIH STEL (15-min): None established

MATlR EXPOSURE LrMMT:

D~~fldg Water..St3ndar&-

EP4T-Health Advisories and Cancer Risk Levels
N one established

WVHO Drinking Water Guideline
No information available.

EAAmbibeen Water Quality Criteria
" Human Health (355)

- No criterion established; mineral base crankcase oil is not a priority
pollutant.

"* Aqiiatic Life (355)
-No criterion established; mineral base crankcase oil is not a p -rt

pollutant.

Oil and Cirease (2012)
For domestic water sgupply- Vitually free from oil and grease, particularly
from the Lustes and oors that emanate from petroleumr products.

For aquatic life:

-To protect several important freshwater and marine species, each
having a demonstrated high susceptibility to oils'and petrochemicals,
the lowest continuous flow 96-hour L" 5 should be reduced a
bundrad-fold.

- levels of oils or petrochemicals in the sediment which cause dieleterious
effects to the biota should not be allowed;

- surface waters shall be virtually free from, floating non-petroleuixii oils
of vegetable and animral origin as well as petroleum-derived oil.

REFERENCE DOSES:
No referencedose av'ailable.
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REGULATORY STA71JS (as of 01-MAR-89)

0 Feie.al Programn
* (CWA-)

Odand J-wae are designated conventional pollutants under the CWA
(351) guert limititions for oil and grease exist in amoxt, all point
source i~vworia under the gencril pretreatment regulations for new
and edsti-ig sources, and effuent standards and guidelines. Limitations
vasy depending on the type of industry (3763).

Manufacturerst and processrs of the C, aromatic hydrocar~on fractiol
must test it fror nicurctaxicity, miltagenk'ity, developmental toxicity,
reproductive effects ard oncogenici 71. h C, fraction i% obtained from
the reformingrs of crude N~rolcum. It consit. of ethyltol,)uecii atd
triimethylberarries (1998). Testing "Il be conductedi by the Amewrican
Petroleum 1n~titut'; lnte.ium rcporta must be submitted at 6-month'
intervals (198"').

Ocan dump ig, of ý.nown to suspect., carcinogens. mutagens or
teratogens, is rrohibited except'when ehey arc prescni as trace
contamvinant~s. PNrinit applicants arc exctript from these reguliations if
they can derrn o'itre thit such cbieraicsl conittituenits are non-toziý and
non-bioiaccumulativt in tl.ýe marine environment or-ate ra pidly rende-red
barrnless by physicil, .hemical or biological processes in the sea (309).

&upj~va SetmniklL I OSItAA)
hou perlci d 'ales (n.i lths) shall not exceed

The Department jtof Tjr-Lr~nportation tiri designated petrolcumn &1iillatcs
as hazardous materials which are sul ject to requiretrerns for packiiging,
labeling snd trans1,crtation (305).

*State Water ProRtAms

All stittri have adopted EPA Ambtient Wpter QUality Criteria anid
NPDWRs (wee Water Ex-ro-4trc Limit section) a,% tt'ir pfxnmulgitcd
stat-! regti!ations, eit~'er by. narla~ive refercrn'e. or by recistint (thc
specific .numneric criteria. .These states have promnufgatod adJ1itkonal or
more s~rirngcnt criteria:

Alaska has a watet quality life critetion for the protection of aquthtic
life of 15 sgoT. for total Ydroczrbons and 10) go'L for total arom.~ic
hydrociarborz. in freqi andmirnia. surface w.,iters (.016).

AIrJaM Us requIeS tht Oil and ,c&,;c hall not eCiceed 10 rnr,'t avcrac
or 15 oinjL rnairimum whc-n duschargirng to surfaict waters(m 8)
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Florida requires that oil and grease wotceed 10 mg/L in Class V
waters (navigation, industrial use) and 5 mg/L for aUl other surface
waters (3220).

Massachuaets requires that the maximum discharge concentration of
oil and grease of petroleum origin not exceed 15 mg/L in surface
water (3432).

Nebraska requires that petroleum 0 %ls oot exceed 10 mg/L in surface
waters (3719).

New York has set a maximum contaminant level of 50 jsg/L for
kerosene in drinking water (3501).
•'QJ T1hLDAKOTA

South Dakota has a water quality standard of 10 mg/L for all
petroleum products in sutface waters (3672).

Virginia has a water quality standard of I mg/L for petroleum
hydrocarbons in ground-water (3135).

Wyominj has a water quality itandard of 10 mg/L for surface waters
and Class II and III ground-wates. In addition. Class I domestic
X-ound-water is required to be virtually free of oil and grieasýe (3&53,

38~~~4clA52).

4 Fedcral Programs
No federal regulations are pending.

* State Water Progrars,
No state regulations are pending.

Mosit states are in the proce. of revLsing their water programs and
prop•xing changes to their regulavons '%hich will follow EPA's
chznges when they beccme finl. Cxntact with th, state ofliccr is

adviwd. Changes arc ptojected for 1,9-9 ,,) ('683).

I 
r
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yti&.e on Ground-Watet (538)
Direct discharge into ground-water (i.e., without percolation through
the ground or sub4oil) of organophosphorous compounds,
orgarihalogen compounds and substances which may form such
compounds in the aquatic environmew, substatces which possess.
carcinogenic, mutagenic or teratogenic properties in or via the aquatic
environmnt and mineral oils ani hydrocarbons is prohibited.
Appropriate measures deemed tecessary to prevent indirect discharge
into ground-water (Le., via percolation through ground or subsoil) of
these substances shall be taken by member countries.

• F Water Qfity (536)
Petroleum products must not be present in salmon:id and cyprinid
waters in such quantities that they: (1) form a visible film on the
surface of t:we water or form coatings on the beds of water-courses and
lakes, (2) impart a detectable "hydrocarbon taste to fish and, (3)
produce bhrmful effects in fG.h.
'Direcive on the Ca~ty Rtguired of Shellfish Waitc (537)
The mandrator -pecificatiosm for petroleum hydrocarbons specify that
they may not be present in shellfish water in such quantities is to
produce a visible film on the surface of the water and/or a deposit on
the shellfish ',hich has harmful effccts on the shellfish.

fiw_ !on the Di~harge of Dangerow $uhtanm (535)
Organohalogens, organophosphate, petroleum hydrocarbons,
carcinogens or substances which have a deleterious effect on the taste
and/or odor of human food derived from aquatic en'ironmerts cannot
be dischargel into inland surface waters, territorial waters or internal
coastal waters without prior authorizadion from member countries
which issue emission standards. A system of zero- emission applies to
discharge of these substances into ground-water.
Diicctive on Toxic anLd fn.jtv (542)

Any installation, establishment, or undertaking which prodt.:Cs, holds
and/or disposes of certain toxic and dangerous wastes including phenols
atd phenol com pounds; org~anic-halogen compounds; chrome
compounds; lead compounds; cyanides. ethers and aromatic polycyvlic
compoundt (with carcinogenic effects) shall keep a record of the
quantity. nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used for d&sposing of such
waste.
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Directive on the Classification. Packagng and Labeling of
Dangerous Substances (787)
Petroleum and coal tar distillates with flash points below 21°C
are classified as flammable substances and are subject to
packaging and labeling regulatios. Because of the variable
composition of the petroleum and coal tar distillates (excluding
those used as motor fuels) they are considered preparations and
their labeling shall be done in accordance with the procedures
outlined in the Directive Relating to the Classification
Packaging and LabeLing of Dangerous Preparations (solv-nts).

jWdi ivc. osal of Waste Oils (1986)

Establishments collecting and/or disposing of waste oils must
carry out these operations so that there will be no avoidable
risk of water, air or soil pollution. A permit from the
competent authority must be registered and adequatel.
supervised for collecting, disposing, or regenerating waste oils.
PCB& and PCTs must not be prescnt in amounts greater than
30 ppm in regenerated waste oil.

EEC Directives - Pro, rcd
Proeosal for a Council Directive on the Dumring of Waste at
ka (1793)
EEC has proposed that the dumping of crude oil, petroleum
hydrocarbons, lubricants and hydraulic fluids atsea be
prohibited.
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69.1 MAJOR USES AND COMP 6ITION

69.1.1 Major Uae

Mineral based crainkcase oils PP-e used widely in various engines to lubricate
moving prm. Some examples of tleir uses are in automotive engines, railroad and
truck diesel engines, marine equip ent (ships and naval equipment), jet and other
aircraft engines, zs well as most small 2- and 4-ttroke engines.

The major determining factor •n choosing a specific oil is the severity cf
operating conditions. Fer instance• jet engine oils, by far, are subject to a wider
range of operting temperatures a shear levels than automotive engine oils, and
there a•e different mineral oil base stocks that are better suited to accommodate
these conditions. In applications o( severe conditions such as marine engines or
outdoor equipment where moisture is a problem or higher temperatures are
encountered (e.g., in supersonic Je' engines), the chosen base stock can be formulated
with #.ditives to improve pefformafice. Although mineril base oils can be improved
by adetives tc meet some of these= severe conditions they cannot compete well
agsinst the newer, more versatile sý thetic oils. As a result their major uses are in
slower and cooler running diesel and automotive engines (21, 1821).

69.1.2 Composition

Mineral base crankcase oils are primarily mixtures of straight and branched chain
hydrocarbons (paraffins), cyclo paraffins, naphthenic, aromatic and polynuclear
aromatic compounds with carbon numbe;s of approximatelyCu-C•, molecular weights

of appr-oximately 150-1000, and a ýoiling point range of approximatcly 300-6000C.
Their densities generally lie between 0.80-1.0 kg/L at 15*C (1821). The structures of
typical compounds in these mixtures are given in Figure 69-1.

The base oilk may also contain trace leveis (typically <1 ppm) of several
polynuclear aromatic hydrocarbons' (PAH) (Table 69-1). Used oils may contain
higher PAHi concentrations as well as a variety of other impurities from engine
operation (e.g., some heavy metala and breakdown products). The base mineral oils
contain hundreds to thousands of different hydrocarbons, and may contair a
substantial fraction of nitrogen- and sulfur-containing compounds. Some additional
information on the specific chemicals in these r'is can be gleaned from analyses of
the heavy end crude oil distillates 'rom which they are made. Figure 69-2 summarizes
the results of one series of studicý based on fre crude oi!s. Each heavy end distillate
[which had a boiling point range (370-535-C) similar to that for mineral based
crankcase oils (3100-600'C)] was reparated into seven (or eight) fractions, and the four
concentrates with the most material were further characterized. The original work
(1837), and references cited therein, contain extensive lists of identified chemicalsH
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C 3 CH3

C14,CHCH2 CH2CHCHCH,fI (CHS)2CH2 -c CH2CHCH3
CHS

C$H1 1-C 2 H.1  I

(a)S I IH

()CH(CH,) 2  Cli,

(C32"CR 2CH2CH2CH3 CH3 ' 2CHCH$

rHCHRCH CH2CH,

(d)(e

FIGUR1E 69-1

Typical structures iii mineral base lubricating oil. (a) n-paraffin, (b) isoparaffin,
(c) cycloparaffin, (d) amrr'atic hydrocarbon, (c) mix~ed aliphatic anid aromatic ring.
Source-, Referenc4. 21



M I 777"

69-10 MINERAL BASE CRANKCASE OIL

TABLE 69-1
RANGES AND MOST FREQUENT CONCENTRATIONS

OF POLYNUCLEAR AROMATIC COMPOUNDS IN VARIOUS MOTOR OILS
(FRESH AND USED) (MGiKG)

Frent motor oil Used Motor Oils
--122 samples) (54 samples)

Range Mo6t Range
P01vnucle&r aromatic compound frequent
Fluoranthene 0.008- 2.75 0.070 0.2 .109
Pyrene 0.039- 6.53 0.300 0.3 -326
Benzo[b]naphtho[2,1-d]thiophene 0.097- 9.43 0.700 0.7 - 6.2
Chrysene + triphenylene 0.182 - 11.9 0.700 1.6 - 74
Benzofluoranttenes [b+j+k] 0.013- 0.234 0.080 0.3 - 44
Benzoje]pyrene 0.030- 0402 0.200 0.2 - 49
Benzola]pyrene 0.008. 0.266 0.060 0.1 - 35
Perylene 0.007- 0.224 0.060 0.1 - 10
Indeno[l,2,3-cd]pyrene 0.001- 0.020 0.001 0.1 - 12
Benzofghi]perylene 0.010- 0.139 0.020 0.2 - 83
Anthanthrene 0.002- 0.030 0.010 0.02. 11
Coronene 0.001- 0.016 0.020 0.00- 29

Source: Reference 1821
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FIGURE 69-2
COMPOSMIION OF HEAVY END DISTILLATES

OF CRUDE OIL

(Note that composition of a mineral crankcase oil may differ from heavy end
distillates because of the production processes used) would remain entrained in the
pores of the soil near the surface. Tim would'be more likely for low porosity and
high organic carbon content soils, and less likcly for sandy, porous soils.
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TABLE 69-2
COMPOSITIONAL INFORMATION FOR VARIOUS

BLENDED MINERAL BASE OILS

Additives (Vol. %)

S C. 0 0

Product Type -.- cr6 o ;PV-
0 O . O O. .

21Ln-diesel engin- oil
API servi.* classifica-
tion of a typical SAE 30
automotive motor ,nil 93.2-
SA.SE a 99.995 0-6.8 0-.005 0-1.0

Monograde automotive
engine oil SAE 10-SAE 50 93.2 6.8

Multigrade automotive
engine oil: 10W/30 87.7 6.8 5.5

lOW/40 85.7 6.8 7.5

Marine otg,.ne oil: SAE 30 85.0 15.0

Base engine oils:
SAE 30 (Two cycle) 98.945 0.05 1.0 0.005
SAE 40 (Four cycle) 97.0' 3.0
SAE 40 (Dual Fuel-oil) 96.5 3.5

Diesel Enrine Oils

Monograde diesel oils
SAE30 CC 94.0 6.0

CD 92.0 8.0

Railway diesel oii
SAE 40 Class II 89.5 10.5

Marine diesel oil
SAE 30 (low speed) 98.5 0.5 1.0
"tUl 30 (med. speed) 92.3 7.7
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TABLE 69-2 (Cont.)

Ajditivs ('o t,

00a-. 0 00

Product Type a C 0 .

ftorngrade engine oil
SAE 30 SE/CD 68.0 12.0

iMulcigrade engine oll
1SW/AO SE/CD 79.5 1.2.0 '8.5

a) Each Classification SA-SE and CA-CD is formulated to niee: tne,

needs of newer more powerful engines
b) Classes l-IV represent 'improvenie;tis in additive .package
U ) Universal oil is formulated to meet the specifications for

aucomotive and diesel engine oils

Source: Reference 1823

b Clse I-IV rersn 'Imr t In aditv packag



69-14 MINERAL BASE CRANKCASE OIL

and/or chemical classes. The information in Figure 69-2 (and the original reference)
should be usd with caution since the material analyzed was not a refined lubricating
oil To make such oils, the heavy end distillates are typically further treated by such
processes as solvent extraction, dewaxing, acid treatment, and hydrofinishing. These
processes alter the chemical composition. A le.s aromatic character is a common
goal of such treatments.

Crankcase oils are often formulated to meet specific requirements or operating
conditions and in many cases, additives are incorporated to accomplish this. These
additives in concentrations of most commonly 0-20% vol. (1821), and occasionally as
much as 30% serve a variety of functions that are intended to either protect
surfaces, improve oil and machine performance or preserve the lubricant (21). Table
69-2 lists typical compositions of some mineral base engine oils. Formulations are
dependent upon intended use. Specific chemical additives are given in Table 69-3.

69.2 ENVfRONMENTAL FATE AND EXPOSURE PATHWAYS

69.21 Transport in Sowround-wat Systems

Mineral base crankcase oils are expected to be highly immobile in the
soil/grou.nd-water environment. Bulk quantities of the oil from a spill or improper
disposal dight be carried slowly through the unsaturated zone to the top of toe water
table, but the high viscosity and low water solubility would mitigate this. Most likely,
at least with moderate to small spills, the oil would remain entrained in the pores of
the scil near the surface. This would be more likely for low porosity and high
organic carbon content soils, and less likely for sandy, porous oils.

Transport and subsequent fate of dissolved constituents of these oils will vary
depending on the physicochemical (and biological) properties of the constituents.
Some constituents will dissolve more quickly in the percolating ground-waters, be
sorbed less strongly on the soils (thus being transported more rapidly), and may be
more or less susceptible to degradation by chemical or biological action. The relative
concentrations of the constituents of the oil will vary with time and distance from the
site of initial contamination. This effect is called "weathering'. (This term is also
used to describe changes to oil following spills into surface waters where film
spreading and breakup, and differential volatilization, dissolution, and degradation all
are involved.)

Almost all of the hydrocarbon constituents in these oils would fall into a highly
immobile class for consideration of movement of dissolved constituents through the
soil/ground-water system. While no data are available, it is roughly estimated that all
such constituents would have solubilities in pure water of less than 1 mg/L [e.g., ethyl
naphthalene, C,,Hu, is 0.8 mg/L (1839)] and most might be orders of magnitude less
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than this [e.g., cicosane, C.H-,, is estimated to have a solubility of at I E-07 ng/L
(1840)]. The corresponding soil sorption constamts (K.) estimated from such
solubilities would all be over 10,000 and most would be over 1,000,000 indicating very
strong sorption to soils containing organic matter. Constituents with low molecular
weight, high aromatic character, and/or nitrogen and sulfur hetero atoms will tend to
be the most mobile.

No equilibrium partitioning model calculations (as have been given for most
other chemicals in this Guide) are given for these oils. All such calculations (for all
major constituents of the oil) would show that essentially all of the oil was sorbed to
the soil and that negligible amounts were present in the soil-air or soil-water
compartments.

A small fraction of the constituents of the oils may'be sig'nificantly more water
soluble and mobile than the rest. These might include, for example, low molecu!ar
weight nitrogen- and sulfur-containing molecules naturally present in the oil, as well
certain additives such as are shown in Table 69-3.

The aqueous-phase mobility of oil constituents could be significantly enhanced if
the oil was in the form of a very fine emulsion, or if the percolating I-ound-water
contained a significant amount of dissolved organic carbon (e.g., humic and fulvic
scids, fatty acids, or chlorinated solvents) from other natural sources, or other
discharged materals. The dissolved organic carbon, much cf it possibly in the form
of colloidal particles, could absorb the oil constituents and Pssist in their transport
through the soil/ground-water system.

Volatilization of constituents from the crankcase oil would be very slow because
of the very low vapor pressures involved (presumably < 1E-03 mm Hg at 25°C for
individual constituents, with many below IE-06 mm Hg). However, givth that spilled
oib may remain near the soil surface (making volatilization easier), that the material
is resistant to leaching and degradation, and that the Henry's law constant may be
moderately high, it is thus presumed that volatilization will be a major loss mechanism
for spilled crankcase oil over time periods of weeks to years. B&cause the lower
molecular weight (more liquid) constituents would tend to volatilize first, the
remaining material would generally have lower volatilities and lower water solubilities.

69.2.2 Transformation erocascs in Soa/Gund-wauter Systenm

Mineral base crankcase oils are expected to be persistent in the soil/ground-water
environment because of ,their reststance to hydrolysis, oxidation. and biodegradation.
The general resistance to hydrolysis; (for saturated ard unsaturated hydrocaPrbons) is
described by Harris (529). The resistance to oxidation is a major component of their
utility as long-latting lubricants; as noted in Table 69-3, anti-oddants are sometimes
present in the oils.
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The assensient of the resistance to biodegradation is more complex. Most of
the oi molecules arc so large that passage through cell walls (where metabolism or
degradation is rel3tively emay) is hindered and much of the biodegradation must be
carried out by extracellular enzymes secreted by the microbes. Such difficulties aside,
many studies on petroleum hydrocarbon materials (oils as well as light distillates) have
showed moderate to high eventual susceptibility to biodegradation for the bulk of the
material (1842). A period of microbial adaptation may be required.

Different constituents of the oil will differ significantly in their biodegradability
for reasons related to molecular size, structure, and toxicity. For example, highly
branched alkanes are much less biodegradable than linear alkanes, and polycyclic
aromatic bydrocarbons with three or more rings are very resistant to biodegradation
(515). For all hydrocarbons, aerobic biodegradation would be expected to be much
more important than anaerobic biodegradation (1841). Because of this, and because
of the decrease in microbiological activity with increasing soil depth, oil constituents
reaching deep anaerobic soils could persist for very long time periods.

69±23 Primary Routes of Fxposure from Soaritound-water Systems

The above discussion of fate pathways suggests that pure mineral rbased crankcase
oil has low volatiliy, but that individual components may vary in 'heir volatility from
water. These components are strongly or very strongly sorbed to soil but are
expected to have a low potential for bioaccumulation. These fate characteristics
suggest several potential exposure pathways.

Volatilization of mineral based crankcase oils from a disposal site would not be
expected to result in significant inhalation exposures to workers or residents in the
area. Gravity would tend to cmrry bulk quantities of the oil down toward the water
table, leaving only a relatively small fraction on the soil surface to volatilize.
Volatilization of this remaining oil would occur very slowly because of its low vapor
pressure and strong sorption to soil.

Grcund-water contamination may result from large spills that reach the water
table. Ingestion =xposures way occur directly through the use of contaminated waters
as drinking water supplies, or indirectly through ground-water discharge to sirfa-e
waters used for drinking water. These surface waters may also result in dermal
exposures if they are used fo- recreation. Because waters containing
petroleum-derived products have objectionable tastes and odors at concentrations well
below any tolerable health concentrations (982), significant ingestion exposures from
drinking water are expected to be rare.

69.24 Other Sources of Human Exoure

A potentially major source of human exposure of mineral bawe crankcase oil is
surface water contamination resulting from the run off from roads and runways.
Roughly two billion liters of used lubricating oils are estimated to be relea.cd
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annually into the environment of the U.S., of which three quarters of a billion liters
were used as road oil or incorporated in asphalt (1821). The more soluble fraction
of the oil applied to roads intentionally or leaked from crankcases will be carried
from the roadway with rninfaUl, either into sewage or drainage systems (if any) or as
run off to surface waters. Less soluble components may be transported in much the
same way if they are sorbed to soil particles that are carried by the water.

Data on amt :,.nt concentrations of mineral base crankcase oils in air and ambient
water, as well as lhod and drinking water are not generally available in the literature.
The grous parameter "oil and greas" is often used to characterize water, soil a:nd
sediment samples. However, this measure does not directly correspond to the
concentration of viincral base crankcase oil.

The ingestion of crankcase oil that has been taken up by aquatic species is a
potential exposure pathway, although two factors militate against this. Relatively low
concentrations of oil can lead to tainting, thereby rendering the food unpalatable.
Oysters, for example, have been found to exhibit lainting when exposd to crude oil
concentrations as low as 1-10 A•g/L (982). The large aliphatic hydrocarbons that
make up the bulk of crankcase of are not expected to bioaccumulate thus minimizing
the concentrations in aquatic species. The polycyclic aromatic compounds in oil
(especially used oil) would be expected to bioaccumulate, however, and thus are a
potentially greater source of exporure.

The personnel likely to receive the greatest exposure to mineral base crankcase
oils are those involved in servicing and maintaining equipment in which they are used.
Although inhalation exposures are not expected to be large because of the low vola-
tility of these oils, significant dermal exposures may occur. Unless gloves and
protective clothing Ar worn, hands and forearms are likely to come in contact with
the oiI.

69.3 HUMAN HEALTH CONSIDERATIONS

.693.1 Animal Studies

69.3.1.1 Caniognidity

Male C3H/HeJ mice (50/group) were treated with 50 mg of used or unused
samples of composite motc.- oil (15 brands of SAE 1OW-40 mineral base oil) applied
twice a week to the shaved interscapular skin for 104 weeks (2212). The control
group received no treatment. Histological lesions in animals treated with the new
motor oil included I papillcma, 2 squamous cell carcinomas ,rnd 1 fibrogarcoma. One
animal in this group had a lymphomatous infiltrate in the skin which was part of a
cystemic lymphoma. The tumor incidence in animals treated with used motor oil was
much higher, with histological Ivions consisting of 4 pipil!omas, 8 kcratoacanthomas,
16 squamous cell carcinomas and 1 hemangiosarcoma. No tumors were reported in
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the control group. It was concluded that unused compoaite motor oil was relatively
nontoxic and only slightly carcinogenic to male C3HIH3J mice. Used composite
motor oil, on the other hand, was considered slightly to moderately carcinogenic.

Albino mice receiving skin applications of an engine lubricating oil additive
containing '-ad naphthenate developed a 17% incidence of skin papillomas and a
51%, incidence of skin carcinomas (2234). Further investigation of the components of
t~e additive revealed an 82.7% incidence of skin papillomas and carcinomas from the
base oil component w'hile the additive concentrate produced only one papilloma

A commercial motor o, [Permalubeg] was applied twice a week (dose not
specified) to the skin of femal mice (strain not specified) for 66 weeks (2220). No
increased incidence of tumc-s was reported. A second group of mice were given a
single application of the carcinogen 7,12-dimethyl-benz(a)anthracene [1% in Supra&
34 mineral o01] and treated with motor oil twice a week for 66 weels. Again, no
tumorui were found.

Gyaf and Winter (2221) found a level of 26 gg/L of the carcinogen
benz(a)pyrene (B1P) in new motor oil. After heavy use, the BaP level rose to 5800
/•g/L, indicating a carcinogenic potential in used motor oil which should be considered
when disposing or recycling the product.

IARC (1821A) considers the data available on the carcinogenicity of crankcase oil
inadequtte to e*,iuate (i.e., category 3)'and states that any carcinogenic activity of
individual products is dependent upon the processing of the base oils and the nature'
and concentration of additives. One sample of used gasoline engine oii was shown to
produce a statisticall7 significant dose-related increase in the incidence of skin
papillomas and carcinomas (2237) and was considered by IARC to be sufficient
evidence of carcinogenicity in experimental animals.

69-3.1.2 Mutagenicity

Motor. oil showed no mutagenic activity when tested in strains TA1535, TA1537,
TA1538, TA96 and TA100 of Salmonella typhimurium both with and without
metabolic activation (2217).

, asquini and Monarca (2218) also showed that unused motor oil was
nonmutagenic in the Salmoncll microsome test and contained only trace amounts of
polycyclic aromatic hydrocarbons (PAH). Used motor oil was highly mutagenic and
contained high quantities of carcinogenic PAIl.

Dutcher rd At. (3337) compared the mutagenic activity of used crankcase oil
(UCO) from dimel and spark-ignition (gasoline) passenger cars in Salmonella
tihimurium. Direct assays with UCO did not detect mutagenic activity in S.
thimyriuM strain TA9& However, extracts prepared from samples of both diesel

$1
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and gasoline-powered vehicles (te c-ncentrate mutagens from UCO) showed a dose-
dependent mutagenicity in the presence and absence of metabolic activation. The
mutagenic potency of diesel-UCO extracts appeared to be similar to gasoline-UCO
extracts. Unused crankcase oil extracts had a lower mutagenic activity and generally
required metabolic activation.

A study by Manabe rd AL. (3141) investigated the potential mutagenicity of
wastewater collected from oil-water separating tanks of gasoline stations. Wastewater
samples were fractionated into neutral, acidic, and basic fractions and tested for
mutagenic activity in Salmonella tphimurium strains TA98 and TAt00 in the
presence and absence of metabolic activation. The neutral fractions displayed a high
mutagenic activity, attributed to water from car washing and contamination by used
crankcase oil. 1-Nitropyrene (I-NP) accounted for up to 58.5% of the mutagenic
activity of the neutral fraction. An additional experiment measured the mutagenic
activity of fractionated crankcase odl used in a gasoline and in a diesel engine using _
t ir strains TA98, TAIOO, TA98NR, and TA98/1,8-DNP(6) in the presence
or absence of metabolic activation. The results were similar to those with wastewater.
T7e neutral fraction showed the highest mutagenic activity-, the mutageniciry in strain
TA98 was higher in the absence than in the presence of metabolic activation and was
higher than in strain TAJOO. Decreasing mutagenic activity'was found in strains
TA98NR and TA/1,8-DNP(6), suggesting that used, crankcase oil contains 1-NP (the
two strains do not respond to I-NP). However, the presence of 1-NP in the neutral
fraction of crankcase oil accounted for a smaller portion of the total mutagenic
activity than that in waste water.

Abdelnasser gt 1. (3190) studied the formation of mutagerns in crankcase oils.
New crankcase oils were =posed to elevated temperatures to determine if pyrolysis
or oxidation could degrade this complex mixture to a mutagenic species. Heating to
100rC for 100 hr did not produce mutagenic activity in Salmonella !yhjmurium strain
TA98 with or without microsomal activation. Crankcase oil was also exposed to
nitrogen dioxide, sulfur dioxide, ammonia, hydrogen sulfide, or nitrous oxide under
various experimental conditions. Nitrogen dioxide was the only chemical capable of
producing mutagenic substances in crankcase oiL. Without metabolic activation, the
product of this experiment was highly mutageric in tester strain TA98.

Motor oil did not demonstrate the potentviv to induce forward mutations in
L5178Y mouse lymphoma cells either with or without metabolic activation (2217).
The compound was, however, considered extremely toxic in the test system. Motor
oil orally administered to rats for five consecutive days at concentritions as high as
1250 mg/kg/day did not result in any significant increase in chromosomal mutations of
bone marrow cells (2217).

693.13 Teratogenicity, Embryotaoicity and Reprodxmtive Effects

An avian study by Hoffman et al. (3293) investigated the embryotoxic and
biochemical effects of clean (CCO) and waste crank case oil (WCO) on birds' eggs.
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At 48 hours of development, mallard duck eggs were exposed externally to 2, 5, or 15
pIL/egg of WCO or 15 usLegg of COO, while bobwhite quail eggs received 0.5, 1, or
3 pLegg of WCO or 3 ;iL/egg of CCO in a similar manner. WCO was highly
embryotohic to both species compared to CCO and resulted in dose-dependent
mortality, reduced growth, and abnormal survivors. Abnormal survivors included
embry~ with edema, incomplete ossification, and eye and brain defects. Biochemical
effects, growth retardation, and mortality ot lower dose levels were more pronounced
in mallards than in bobwhites. In mallards, the LD,. value was 23.5 uL/egg for virgin
crankcase oil and _.3 ;&IJegg for waste crankcase oil (3292).

No data on the potential teratogenicity or adverse reproductive effects of mineral
base crankcase oil in mammalian species were located in the literature.

69.3.1.A Other Toxicologic Effects

693.1A.1 Short-ter Toxicity

Doll (3177) described the clinical signs observed in a cow after ingestion of used
motor oil (tractor crankcase oil). Six hours after exposure the animal displayed the
following symptoms: total loss of appetite, severe muscle tremors, discoloration U[
mucous membranes, increased heart beat, slightly increased breathing, fecal
discoloratioa, and increased frequency of fecal excretion. Hematologic analysis
showed moderate leukopenia resulting from absolute lymphopenia. Treatment
consisting of rumentomy and removal of ingesta resulted in complete recovery.

The short-term pulmonary irritation of unused and used mineral base motor oil
(Mobil Special Motor Oil SAE 1OW-30) was studied by Costa and Amdur (2213).
Guinea pigs were exposed (head only) to 0, 10, 40 or 100 mg/m' motor oil mist for
one hou.'. No irritation or other effects were seen in the 10 and 40 mg/m' treatment
groups. Animals exposed to 100 mg/m' of either used and unused motor oil mist
developed a slight, but statistically significant increase in respiratory frequency. It was
concluded that these changes in respiration were related to the overall stress of the
exposure situation rather that to any specific irritant action of the oil mist.

The acute oral todcity of crankcase oil in Sprague-Dawley rats was studied by
the American Petroleum Institute (API) (2214). Doming with 15 mLAg or 25 mb/Ag
crankcase oil by gavage caused diarrhea lasting 3 days. Some rats seemed lethargic
but recovered completely by day 7. The oral LD,. was considered to be greater than
25 mLAg.

A dose of 0.1 mL mineral base crankcase oil instilled into the eye of New
Zealand white rabbits was mildly irritating. Two animals showed opacities which
dissipated by day 7. The conjunctiva of one rabbit wts slightly irritated. One anim3l
eye treated with 0.1 mL crankcase oil for 30 seconds and then flushed for one minute
with distilled warm water showed slight conjunctival irritation (2214).
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Mineral base motor oil was foui•d to be slightly irritating when applied to the
shaved backs of New Zealand white rabbits for 24 hours (2214). By 72 hours, edema
disappeared but some erythema was present. Examination 6 days after treatment
revealed no signs of irritation; however, skin at the test site was dry and flaky.
Application of 5 mlAg crankcase oil for 4 hours to New Zealand white rabbits also
revealed skin irritation but no obvious treatment-related signs of systemic toxicity
ý2214). G-rou post-mortem examinations revealed no abnormalities.

Doses of 0, 4, or 8 mLAg crankcase oil were applied to the shaved skin of New
Zealand white rabbits for 5 consecutive days followed by a two-day rest period and a
second 5-day treatment period. The most significant effect was a dose-related
progressive dermal deterioration. The skin at the test site was thick, cracked, bloody,
and edematous. In addition to these sip-s, the animals treated with 8 mlIkg had a
decrea'e in general activity, alopecia ':.nd became emaciated, with an average body
weight loss of 0.28 kg. The test maw rial produced acanthosis (i.e., diffuse hyperplasia
ind thickening of the epidermis), acute inflammation, chronic inflammation, crusting,

dermal congestion, dermal edema, hyperkeratos;s, and parakeratosis in both the 4 and
8 ml'kg tr--atment groups. It caused acute dermal corrosion in the 8 mL/kg
treatment group (2214).

The potential of crankcase oil to cause dermal sensitization in guinea pigs was
studied by API (2214). A dose of 0.5 mL crankcase oil was placed on a gauze patch
and applied to the depilated backs of male albino guinea pigs for 6 hours, 3 times a
week for 3 weeks. After a two-week rest period, animals were challenged with 0.5
mL crankcase oil. No sensitizing effect was noted.

69.3.1.4.2 Chroni Toxiity

Early studies (2215) have shown that administration of 132 mg/mi motor oil
vapor continuously for alternating 30-minute periods for 100-343 days produced little
lung damage in rats, rabbits or mice. Exposed monkeys showed an increased
incidence of infectious pneumonia and developed severe gastric ulcers. Death was
attributed to hyperplastic gastritis, presumably caused by the swallowing of cil that
was deposited in the nasal pas.sages.

69.3.2 Human and Epidemiologic Studies

693.2.1 Short-term Toxicokg Effects

Accidental ingestion of crankcase oil may produce irritation of the mucous
membranes of the digestive system and result in nausea, vomiting, and diarrhea
(2216). Vomiting should not be induced after ingestion because of the low viscosity
of crznkcase oil which makes its aspiration into the lungs probable. Once this occurs,
chemical pneumonitis is likely to follow.

!s [ I I I I I I I I
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No adverse health effects are expected during normal short-term skin exposure to
crankcase oil. Repeated dermal exposure to crankcase oil may result in irritation due
to the defatting of the skin. A diffuse erythema with some edema combined with
broken hairs and occasional j'ustules are the main characteristics of dermatitis
produced by crankcase oil (2216). Repeated exposure of the eyes may also result in
hitation (2216).

Health hazards from vapors of crankcase oil are unlikely but when significant
vapor concentrations are repeatedly inhaled, irritation of the mucous membranes of
the upper respiratory tract is expected. Systemic effects may include headache,
nausca, dizziness, and general malaise (2216).

69-..2 Chronic Taricologic Effects

Repeated long-term dermal exposure to crankcase oil may produce skin rash and
oil acne. Ol acne is characterized by blackheads, pimples, and pustules. Some
poorly, refined base oils cause warty swelling or sores (2216).

Prolonged and repeated exposure to significant atmospheric concentrations of
minera& oils may lead to a benign form cf lung fibrosis, possibly preceded by
symptoms of bronchopulmonary disease. Inhalation of oils w*th high poly.,ycl.;•
aromatic hydrocarbon content may result in cancer of the respiratory tract and
possibly cancer of the upper gastrointestinal tract (2216).

69.3.3, Tcnkvoo o( Mineral Base Crankcase OM Components

A brief cverview of the toxicology of some typical components of mineral base
crankcase oil are summarized below. The acut -. toxicity values for these compounds
are presented in Table 69-4.

n-Hexane

Hexane may be the most highly toxic member of the alkanes. Whea ingested, it

causes nausea, vertigo, bronchial and general intestinal irritation and CNS effects. It
also presents an acute aspiration hazard. Chronic exposure to n-hexane vapors causes
peripheral neuropathy. Tne first clinical sign of neural damage is a feeling of
numbness in the toes and fingers. Progression leads to further symmetrical sensory
impairment in the distal portions of the extremities and to loss of muscular, stretching
reflexes. Ultimately, symmetrical muscular weakness develops, chiefly in the distal
portion of the extremities. Paralysis develops with varying degrees of impaired
grasping and walking. This may include muscular atrophy (sensorimotor
polyneuropathy). The development of electrophysical changes parallels the severity of
the clinical picture. In the most severe cases, rLerve conductivity is neutralized. In
some cases, cranial nerve invoivement is also observed. After exposure ceases,
recovery begins within 6 to 10 months in mild to moderate cases. but may take up to
3 years in serious cases. The threshold level at which neuropathy occurs has not
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TABLE 69-4
ACUTE TOXICITY Or: COMPONENTS OF ANERAL BASE

CRANKCASE OIL i
""Oral Dermaý

Component LD&o LCSe

n-hexane 24-49 mL/kg [rat] no da a 33,000 ppr
(1935) .4 hr [rat"
28,710 mg/kg jratj (1935)
(1937)

octane < no data .>

dodecane < no data >

isopentane no data no data 1000 mg/L
"[mouse; (12)

methylcyclopentane < no- data >

nethycyclohexane 2250 mg/kg [rat] (47) no dat no data

cyclohexane 29,820 mg/kg [ra:t no data no data
(1935)

benzene 3800 mg/kg [rat] (59) no dat 10.000 ppr
4700 mg/kg [mouse] (47) .7 hr [rat*

(47)

toluene 5003 mg/kg [rat] (47) 12,124 mg/kg 5320 ppm
[rabbi 1 (47) .8 hr [mouse'

(47)

xylenes 4300 mg/kg [rat' no dat 5000 ppm
(47) .4 hr [rat'

(47)

ethyl benzene 3500 mg/kg [rat] 5000 m /kg no data
(47) [rabbi:, (59)

1-methylnaphthAlmne 1840 mg/kg [rat: no date no data
(47)

2-methylnaphthalene 1630 mg/kg [rat] no dat: no data
(47)

fluoranthene 2000 mg/kg [rat] 3180 m /kg no data
(47) [rabbit] (47)

/4
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,been firmly established but symptoms have been observed in people exposed to
concentrations ranging from 10 to 200 ppm for 9-12 months.

Ih animals si•gs of narcotis are seen after mice are exposed to vapor levels of
16,000 ppm for 5 minutes. Death genetally occurred at concentrations between
43,800 and 52,000 ppm after 9-119 minutes. The oral LD., is cited as 24 mL/kg for
14 day-old rats and 49 mL/g for young adult rats.

Long-term inhalation e :,aMents in rats suggest tb't the first signs of
neurotoxicity appe- arfter they are exposed to levels of !W ppm for 24 weeks. This
higher thr.•id to induce neurotoxicity in animals may be due to differences in
metabolism. Specifically, 2-hexanol is the chief metabolite in animals, while
2,5-hexanedicne which is neurotoxic, predominates in man. Chronic topical
application of a solvent containing 35.2% n-hexane caused axonal swelling and myclin
degeaeration in chicks. No clinical signs were seen. Dosage was 1 g/kg/day for 64
dayL In rabbits, topical application of 0.5 mLlday for up to 10 days ca: ied redness,
irritation, and vsab formation. N-hexane is neither carcinogenic nor teratogenic. One
in yiM study in rats that inhaled 150 ppm for 5 days found an increaz.ed number of
chromosome aberrations in the bone marrow cells. No studies on mutagen!:lty,
reproductive toxicity, or carcinogenicity in man were found (12, 1930, 1935).

Octar~e

By the oral route, octane may be more toxic than its lower homologues. If ;t is
aspirated into the lungs, it may cause rapid death du•, to cardiac arrest, respiratory
paralysis, and asphyxia. The narcotic potency of octare is approximately that of
heptane but it does n.t exhibit the CNS effects seen with hexane or heptane.

In humans, the only reported effects are bliste ing and burning due to prolonged
skin contact.

In animals, octane is a mucous membrane irritrnt. At high concentrations, it
causes narcosis. It is expected that severe exposure in'humans will produce th,: same
effects. Mice ecpoed to vapor levels of 32,000 ppm suffered respiratory arrest after
4 minutes of exposure. E xosure to 12,840 ppm fnr 185 minutes catusm a decreased
respir3tery rate, followed by death within 24 hours. No narcosis was seen after 48
minuts of exposure to 5350 jpm (12, 46, 138).

Dxdecan, is not highlv toxic. The lowrzt toxic dose for mice is 11 g/kg when
administered percutaneously for 22 weeks. -Dodecane s a potentiator of skin
tumorigen-sis by benzo(a)pyrene. It d-:creased the effective threshold dose by a
factor e-f 10. Dodecane and phenyldodecanm ap-!ied topically to the progeny of rats
treated with 'enzo(a)pvre-e, chrysene, or benzo(b)triphenylene on the seventeenth
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day of gestation produced tumors in offspring. No additional information is available
(12, 1937).

Iopcntane is a CNS dcprCssanL Effects may include exhilaration, diziness,headache, loss of appetite, nausea, confusion, inability to do fine work, a persistenttaste of gasoline and, in extreme cases, loss of consciousness. Inhalation of up to 500ppm appears to have no effect on humans. "Very high" vapor concentrations areirritating to the skin and eyes. Repeated or prolonged skin contact will dry and defatskin resulting in irritation and dernatitis. The LC., in the mouse is estimated to be
1000 mgp. (12).

Methylcvclopentane

Mettylcyclopentane resembles cyclopentane in its toxicity. Cyclopentane is aCNS depressant. Humans can tolerate 10-15 ppm. In mice, 38 ppm causes loss ofreflext-s, narcosis and death demonstrating that no safety margin exists. Methylcyclo-pentane also exhibits no safe t, margin between the onset of narcosis and death.When applied to guinea pig skin, cyclopentane produced dryness and slight erythema.Methylcyclopentane would be expected to have the same effect (12).

Methylcvclohexane

No systemic poisonings by methylcyclohexane have been reported in man. Athigh vapor concentrations it causes, narcosis in animals and it is expected that itwould produce the same effect in humans. The no-effect level is about 300 ppm inprimates and 1200 ppm in rabbits. Rabbits did not survive 70 minutes of exposure to15,227 ppm. Death was preceded by conjunctival congestion, dyspnea, severeconvulsions and rajid narcosis. There were no signs of intoxication in rabbitsexposed to 2880 ppm for a total of 90 hours, but slight cellular injury was observed inthe liver and kidneys. In primates, lethal concentrations caused mucous secretion,
lacrimation, sasnvation, labored breathing, 'and diarrhea.

In chronic inhalation studies, exposure to 2000 ppm, 6 hours per day, 5 days perweek for 2 years produced no tumors in rats, m;ce, hamsters, or dogs. The onlysignificant toxic effect found was renal changcs in male rats. These included renaltt'bular dilation, papillary hyperplasia, and medullary mineralization.

Dermal application of the liquid produced local irritatioa, thickening and
ulceration (12, 46, 54, 17, 1936).

QaLohexane

Cyclohexane is a CNS depressant of low toxicity. Symptoms of acute exposure
are excitement, loss of equilibrium, stupor and coma. Rarely, death results due to

Li.
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mrpiyaton fdilure 7The anesthesia which is induced is weak and of brief duration but
more potent than that caused by hexane. The ora LD,.in rabbits ranges from 5-5 to'
6.0 g/kg. Within 1.5 hours the animals ehibited severe diarrhea, widespread vascular
dawage, and collapse Degenerative lesion were seen in the beam, lung. liver, kidney
and brain. A one-hour vapor exposure to 26,75 2 ppm caused rapid narcosis and
tremor and was lethal to all expoised rabbits. In mice, conicentrations causing narcosis
vary from 14,600 to 122,000 ppm.

Cycdobexane ir nominally, absorbed through the skin although massive applications
(> 180.2 g/kg) to rabbit skin resulted in microscopic changes in the fiver aod kidneys
and caused the death of all arihnals.

The danger of chronic poisoning is relatively &light because this compound is
almost completely eliminated from the body. No toxtic changes were swen in rabbits
expwed to vapor levels of 434 ppm. 6 bhours daily for 50 exposures, but some
microscopic changes were seen in the liver and kidney% when the rabbits were

V41epoe oleeso 786 ppm for the same period.

In man, no systemic poisonings by cyclohexane have beer. reported. A vapor
lneel of 300 ppm is so'mewhat irritating to the eyes and mucous memhranes. It has
boeed reported -hat cyclohexsne may potentiate the toxic effects of TOCP but no
additional details of this interaction are available (12. 17, 46, 54, 1937).

The priaiary effects of benzene inhalation and ingestion are on the central
Vervows system (54). Benzzne is carcinogenic in both animAls anc' man. Several

* report have established a relationship between benzene exposure and leukemia.' For
more information, refer to Chapte~r 18 of the Installation Restoration Program
Toxicology Guide.

Tolt ac

Toluene is a CNS depressant with a low toxicity. For'more information, refer to

Chapter 19 of the Installation Restoration Program Toxicology Guide.

Acute exrpAure to high concentrations of xylenm vapors may cause CNS
depression. Both the liquid and the vapor are irritating to the eyes, mucous
membieanes, and skin (40). The National Toxicoklogy Program reczntly teported !hat
there was no evidence of carcinogenicity of mixed xyknes :.i either trie or rats given
daily doses ranging from 250 to 1000 mg/kg by Savage for 2 years (1939).

For more information. refer to Chapter 21 of the Installation Restoration
Progisim Toxicology, Guide.
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Ethyl benzene is primarily an irritant to the skin, eyes and upper respiratory
tramt Systemic alxorption causes CNS deprcsion (46).

For more information, refer to Chapter 20 of tbe Instalation Reutoration
Program Toxilo Guide.

The only ct<verse effects of methylnephthaleue reported in man are skin irritation
and pbotoensituzation (17). Oral L)D. values of 18M40 mgAg and 1630 mg/kg in the
rat have been reported for 1-methylnaphtha;eae and 2-methylnaphthalcne,
respectively (47).

MM .CklIr A•ortic Hy ,rboft (PAH)

A number of PAIl are present in unL, ed mineral base crankcase oil. The
concentration of these components increases significantly in used crankcase oiL The
focus of toxicological studies with PAR has bec-n their potential to induce
carcinogenic effecu. Relevant findings are summarized below.

Fluorantbh=

Fluoranthene was not carcinogenic when administered orally and was inactive
both ai a complete carcinogen or a tumor initiator in several skin painting studies in
mice. Repeated application of fluoranthene to mouse skin along with low doses of a
compk-te carcinogen such as benzolalpyrene produced a considerable ephancement of
carcinogenicity. indicating a strong co-carcinogenic effect (2315).

Mutagenicity studies for fluoranthene are mixed. Fluoranthene induced a
s:gn,:iatly greater number of mutationr in 5a.n•m.Uj !rfi TM677 than an
equimolar concentration of the positive control, bcnzolalpyrene. Negative results
were reported in four other strains of J..•gndl as well as in a mouse embryo, ccll
"say (2315).

BaYA bn a no-effect level for mortality in a chronic mouse skin painting study,
an assumption of 100% absorption of the applied dose, •nd an uncertainty factor of
O00, an acceptable human daily intake of 0.4 mg fluoranthene was calculated, which

corresponds to an ambient water quality criterion of 42 '/apL (2315).

AI
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Pyrene was not carcinogenic in oral studies, but was reported to be a
co-carcinoge ins. painting studies with benzo[a]pyrene. Pyrene has also been
L.Z.wn to be a wejd tamor initiator in the mouse skin carcinogenesis model (2315).

Pyreme produe negative results in Smonela thimurium and in vitro

mammalian cells. 0o induction of DNA repair and no unscheduled DNA synthesis,
sister chromatid exc ange, or chromosome aberrations were reported (2315).

Few data were found on the toxic cefects associated with py.ene exposure. A
dermal LD. value ;the mouse was reported to be 10 g/kg when applied for a 3-
week period (47).

Chysne

Chrysene is re1 rded as a complete carcinogen for mouse skin as well as an
initiator of skin ca&inogenesis in the mouse. Local sarcomas have been reported at
the site of 'subcutan-ous or intramuscular injections of chrysene (22N9).

Mutagcnic stud es with chrysene have been negative or, at best, only weakly
positive. A weak sister chronmatid exchange was reported in hamsters, and a slight
increase in aberrations was reported in mouse oocytes. No induction of chromosome
aberrat.ons were reported in hamster bone marrow cells and negative findings were
noted in tests with • m ynella fhimurium and a host m~ediated assay (2229).

RTECS (47) reports the dermal TDL,. value for the mouse as 3600 pg/kg.
I•aofl uoQr~ntb¢I

&

Benzo(b](lucralthene is, considered an initiator of skin carcinogcnesis as well as a
complete carcinogen for mouse skin. Local sarcomas have been reported at the site
of subcutaneot, or intramuscular injections (2229).

Limited data 4 the mutagenicity of benzo[bjfluorinthene were found. An in
ONO study rrportedla w"eak induction of sister chromatid exchange, but no significant
induction of chrom •omal aberrations in hamster marrow cells (2229).

* A dermal TDL cf 72 mg/k, has been reported in mice treated with
benzolb].luoranthee for 60 weeks (47).

No rrcinogesý repon.e was noted in a skin painting study with
ber.zoCk]fluoranthene in NMRI mice treated twice a week with up to 9.2
picogramsimouse/a plication for their lifetime (2229).
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A dermal LD1 value of 2820 mg/kg was reported in mice treated with
benzo[kjfluoranthene for 47 weeks (47).

Benzoelpyrene (BeP) is inactive as a procarcinogen because no chemically stable
BeP epoxide has boe3 isolated. A 9,10-dibydrobenzo(e)pyrene derivative has been
observed to be very weakly active with an average of 0.5 papillomas per mouse (12).

7U oral TD,, in the mouse ý-i 360 mg/kg when administered for 43 weeks while
tb- dermal TDL. is 240 mg/kg when applied for 30 weeks (47).

BenQWzoral~e

BenzofaJpyrene (BaP) has been the most extensively studied of all PAHL BaP
has been shown to be both a local and systemic carcinogen by oral, dermal, and
intratracheal routes. It is also -! transplacental carcinogen ar.d an initiator of skin
carcinogevesis in micw. Forestomach tumors have been induced in mice orally given
BaP; the significance of this finding for humans is questionable (2229). BaP is an
sactive mutagen, exhibiting pcsitive mutagenic responses in ill of the test systems
including induction of in vivo sister chromatid exchange in hamster cells and
chromosomal aberrations in both spermatogonia and bone marrow cells of hamster in
vivo (2229).

Pregnaat rats exposed to I mg BaP,'g diet during gestation showed an increase in
resorptions and dead fetuses, but only one malformed fetus in seven litters. Other
studies reported no effect on the developing embryo (2229).

Studies on! the toxicity of BaP revealed that a single carcinogenic dose produced
a prolonged depression of the immune response to sheep red Mood cells. Damage to
the hematopoictic and lymphoid systems have also been reported in experimental
animals (2229).

The oral 7D,. in the rat is listed as 4095 mg/kg when administered for 52 weeks
while an ll-week study in mice revealed a dermal TDL, of 2310 mg/kg. The TC, in
humans is listed as 70 ngjim' (47).

!nderofl .2.3-c.d!vyrnea

Indeno[l,2,3.c,djpyrene is considered an initiator and complete carcinogen for
mouse skin. Local tumors have also been reported at the site of subcutaneous or
intramuscular in)ections (2229).
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Ben2zorh.QW lenc

A pronounced cocarcinogenic effect was observed in a single experiment
conducted with 2000 jg benzo[gji]perylene plus 5 pg BaP applied to the skin of
ICR/Ha Swiss mice 3 times a week for 52 weeks (2229). limited mutagenicity data
revealed that benzo[gWI]perylene produced mixed results in Salmone~a thimurium
(2229).

No toxicity data on benz[,h,ilperylene were located.

The only toxicity information found on anthanthrene was a dermal TD, value of
263 mg/kg in the mouse when applied for 30 weeks (47).

A dermal TD,. of 20 mg/kg has been reported in the mouse when coronene was

applied for one week (47).

Additivs Used in Mineral Base Crankcase Oil

little information was found on additives in mineral base crankcase oil. A brief
discussion of selected compounds is provided. The available acute toxicity data for
some additives can be found in Table 69-5.

16-Di-tert-butyl-2-cresol

2,6-Di-tert-butyl-p-cresol, more commonly known as blutylated hydroxytoluene or
BHT, is used as an oxidation inhibitor in synthetic crankcase oil and hydraulic fluids.

BHT inhibits tumorigenesis when multiple doses are administered before a
carcinogen, while the incidence of hepatomas induced by 2-acetylaminofluorene and
the number of pulmonary adenomas induced by urethane were augmented by
post-treatment with BHT (17). The NCO bioassay for carcinogenic effects of BHT in
rats and mice was negative (17).

A reported teratogenic effect of ano 'ithalmia in rats hz¶ never been duplicated
(17). Various morphological and biochemical changes have been observed in
experim.-ntal animals fed extremely high dos of BHT. Adverse effects included a
dose-dependent reduction in growth ratc and alveolar epithelial damage in mice which
progressed to fibrosis when pure oxygen followed the BHT exposure. Dose-depen-
dent fa"alities occurred from massive hemorrhages into the pleural and peritoneal
cavities while survivors suffered hemorrhages of the epididymis, testis, nasal
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TABLE 69-5
ACUTE TOXICITY OF SELECTED ADDTfIVES

OF MINERAL BASE CRANKCASE OIL

Additive Ora (mg/kg) Dermal (mg/kg) Inhalation (ppm)

Oxidtion Inhibitors:
26-Di tert-butyl-

p-creaol LDM. (rat]: 890

Phenothiazine LD, [rat]: 5000

LDL. [chiidJ: 425

2-Naphthol LD•, [rat]: 2420

Zinc dithiophosphate LD,. (rabbit]: 2130

Tricresyl phosphate LD, [ra']: 4680

Tri-ortho-cresyl
phosphate LD, [rat]: 3000 .

LDL. [human]: 1000

Source: 47

cavity, and pancreas. Liver changes in rats, mice, and monkeys included en!argement,
induction of microsomal enzymes, and an increased synthesis of hepatic smooth endo-
plawmic reticulum (17).

BHT is mildly irritating to human skin and severely irritating to rabbit eyes (17).

phenothiazine

At one time, phenothiazine was used in human medicine as an anthelmintic and
urinary antiseptic. Currently, it is an important antipsychotic drug used to diminish
motor activity and alter psychotic behavior (17, 16).

Side effects of phenothiazine include toxic hepatitis and jaundice, leukocytosis,
ieukopenia, eczinophilia, and hemolytic anemia. Dermatitis, hypersensitivity, and
pbotoensitivity have also been reported in phenothiazine-treated individuals (17, 16)
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Zinc dithiopboshate

ZLc dialkyIthiophosphate (ZDDP) has a low acute systemic toxicity with an
oral LDN w!ue of greater than 2 g/kg bw and a dermal LDu value in excess of 3 g/kg
(2317)

Undiluted ZDDP is a severe eye irritant; however, the diluted product, used as
the additive in hydraulic fluids and, synthetic crankcase oils, is regarded as
non-irritating. Prolonjed contact with undiluted ZDDP is irritating to the skin and
produces moder-te to severe crythema and edema. Repeated contact results in
fissLring and exfoliation (2317).

In subchronic toxicity studies, ZDDP primarily affects the reproductive organs of
male rabbits. Dermal application of 5 to 25% ZDDP five days a week for three
consecutive weeks resulted in decreased sperm counts and some testicular atrophy
(2216). Some studies suggwt that the, male reproductive effects may be physiological
:rnd related to body weight loss and reduced food consumption rather than to the
toxic effects of ZDDP (1217).

Trri-orho-cresyl phosphate (TOCP)

TOCP is known to cau.e peripheral nervous system damage leading to
neuromuscular problems (2216). For a complete discussion of the toxicological
effects of iOCP, see Chapter 49 of this Guide.

Phenates

Phunates are widely used as detergent and inhibitor additives. Calcium phenate
affects the male reproductive systcm. Male New Zealand white rabbits dermally
expoe.ed to 25 or 100% zalcium phenate at 2 mLikg/day, 5 days per week for 4 weeks
developed a high incidence of aspermatogenesis and hypoplasia. Testes weight was
reduced 70%. Examination of treated animals after a 30-day recovery period
revealed testes wcight loss of less than 10% and a greatly reduced incidence of
aspermatogenesis and hypoplasia in the 25% Lalcium phenate group. The incidence
of aspermatogemess was slightly reduced in the 100% calcium pherate group;
however, the ;ncidence of hypoplasia remained at 100%. A 28-day exposure to 2.5%
calcium phenate showed no aspermatogenesis or hypoplasia. Testes weight in this
group was marginally increased. Exposure to 10% calcium phenate for 28 days
showed iome testei weight loss but no aspermatogenesis or hypoplasia (2317).

B.q.ria and Biocides

Water-based lubricants and mineral oil lubricants contaminated with water canz
support the growth of bacteria, yeasts, and fungi. Growth does not nonrally occur in
products which do not contain water. Exposure to bacteria in coolants may lead to
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increased skin and respiratory infections; however, no evidence of such problems
exists (2216). Microbial infection of coolants is usually controlled by the use of
either biocides which kill the microorganisms or by biostats which restrict microbial
growth. Biocides are moderately to highly toxic to humans by ingestion and may be
skin and eye irritants (2216).

693.4 1 .el c( Conen

No criteria or standards specific for mineral base crankcase oil were located.
EPA (2012) does list a criterion for oil and grease which requires domestic water
supplies to be virtually free from oil and grease, particularly with regard to taste and
odor.

693.5 Hazd Aseusment

Carcinogenicity tests for various mineral base crankcase oils are inadequate to
establish the carcinogenicity of specific product formulations which can vary with
respect to the base oil and composition of additives. IARC (1821) has classified
crankcase oils as Group 3 (inadequate data). Tests conducted with various
formalations do suggest enhanced tumorigenic activity With used oils (2212, 2221).

,Mutagenic activity of unused motor oil was negative in bacteria, mammalian cells
in culture and rat bone marrow cells (2217, 2218). Used motor oil was highly
mutagenic in the Ames assay (2218), presumably due to the increased concentration
of polycyclic aromatic hydrocarbons in used motor oil. There are no data on the
reproductive effects of these materials.

Human ingestion of crankcase oil can produce irritation of mucous membranes,
nausea, vomiting and diarrhea (2216). Repeated dermal contact can result in
dermatitis and oil acne (2216).

The oral LDn value for mineral base crankcase oil has ieen estimated to be
greater than 25 mLIkg for the rat (2214). Mineral base crankcase oil is mildly
irritating to the eyes and skin of rabbits (2214). Repeated dermal application
produced inflammation, dermal edema, and hyperkeratosis in rabbits (2214).
Inhalation exr."sure to either used or unused mineral base motor oil mist at
concentrations up to 100 mr/m' for one hour appeared to present no significant
adverse effecs in guinea pigs (2213).

69.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of the presence of mineral-based crankcase oils in soil and water
requires the collection of a representative fie'/ sample and laboratory analysis for the
specific major components gnerally att'ibutv:d to mineral-based crankcase oils;
however, the relative concentrations of th. coasthuents, and even the constituents

, , , l I r 4
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themscives, will vary with time and distance form the site of initial contamination due
to weathering. The major component categories in mineral-based crankcase oils have
tbeen identified as the following:

n-alkanes
branched alkanes
cycloalkanes
benzenes and alkylbenzenes
naphthalenes
polynuclear aromatic hydrocarboi (Ca-Cs)

A combination of capiiary column gas chromatography (OC) and gas
chromatography/mass spectrometry (GOMS) techniques may be used to identify the
principal components in mineral-based crankcase oils. Oil samples, and probably any
samples collected in the field which are primarily organic in nature, require the
xparation (prior to GC or GCOMS analysis) of the aliphatic, monoaromatic and
polycyclic aromatic hydrocarbons fractions using liquid solid chromatography; the
various column eluates, with or without dilution in carbon disulfide, can then be
analyzed by GC or GC/MS techniques. Aqueous samples need to be liquid-liquid
extracted with an appropriate solvent (e.g., trichlorotrifluoroethane) prior to analysis;
solid samples would be extracted with trichlorotrifluoroethane using soxhlet extraction
or sonication methods (1422). An aliquot of the sample extract, with or without
concentration, could then be analyzed by GC or GC/MS for the specific components.
Sampling and analysis considerations for some specific components in mineral-based
crankcase oils, Le, benzene, toluene, xylenes, ethyl benzene, and naphthalene have
been addressed in Volume 1. Infrared spectrophotometmy has also been used to
detect crankcase oil in water (3560).

Alternatively, the "oil and grease' content can be measured. This de'ermination
would not be the measurement of an absolute quantity of a specific component, but
rather the quantitative determination of groups of con'ponents with similar physical
characteristics (i.e., common solubility in trichlorofluoroethane). The "oil and grease"
content is defined as any material recovered from extraction with trichlorotrifluoro-
ethane and measured gravimetricaly; extraction methods are thoce described above
for aqueous and soil samples.

A detection limit for mineral-based crankcase oil cannot be determined; the
detection limit for specific components is expected to be in the range of j4g/L for
aqueous samples and ug/g for non-aqueous samples.

............
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This chapter deals with a complex mixture and/or class of compounds. The format used
for this less well-defined group of compounds was modified as necessary but follows the outline
of earlier chapters as closely as possible. It should be noted, however, that the comaposition of
these materials can vary according :o the route of synthesis, the formulating ingredients added,
the interactions of the active ingredients, o: the storage conditions. These factors can influence
the nature of the material that is ultimately utilized and probably are reflected in many of the
experimental findings reported in the following chapters.

The typical components and approximate composition of the mixtures are providcd if
that .nformation was available. Physical/chemical properties often were not available or varied
depending on formulation. Many of these mixtures are blended to modify their physical
properties according to the intended use. Furthermore, the formulations vary with season as
well as with geographic locations of product use. In some cases, therefore, the range for the
class of compounds was given.

In addition to the data for the mixture itself, the chapter that follows also contains
sections on the principal comnponents and major additives of the mixture, their fate in the
environment and a brief overview of thei toxicity.
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CHEMICAL Organic esters Polyglycols
COMPO- Aromatic hydrocarbons Phosphate esters
SITION Aliphatic hydrocarbons

Synthetic crankcase oils primarily consist of blends of
selected hydrocarbon substances. Hydrocarbons are
typically incompatible with strong oxidizers, and may be
considered miscellaneous combustible or flammable

REACTIVITY materials for compatibility classification purpocse. Such
substances typically evolve heat, firc, and toxic or
flammable gases in reactions with oxidizing mineral acids.
organic peroxides or hydroperoxides, or strong oxidizing
agents. React;on with explosive materials may result in an
explosion (505, 507, 5!, 1).

* Physical State: Liquid, oily (at 20*C) (1822)
9 Color: Depends on use
0 Odor: Depends on use
0 Odor Threshold: no data
0 Density: 0.88 &L (at 25"C) (1822)
0 Freeze/Melt Point: No data (1822)
* Boiling Point: Not pertinent
* Flash Point: 53.0 to 332.0(C

PHYSICO- (varies with particular blend) (1822)
'CHEMICAL 0 Flammible Umits: No data

DATA 0 Autoignition Temp.: 315.0 to 593.0*C (1822)
* Vapor Pressure: 3.0 to 4.7 mm Hg

(at 204"C) '(1822)
* Satd. Conc. in Air: Not pertinent
& Solubility in Water: No data
* Viscosity: 2.0 to 528.0 cp (at 38C) (1822)
• Surface Tension: 23.0 dyne/cm (at 25°C) (1822)
0 Log (Octanol-Wa:er

Partition Coeff.): No data
• Soil Adsorp. Coeff.: No data
* Henry's Law Const.: No data
0 Bioconc. Factor. No data
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Hydrocarbon-based oils are expected to be highly
PERSISTENCE immobile and persistent in the soil/ground-water system.
IN THE SOIL- Major loss mechanisms are volatilization and aerobic

WATER biodegradation. Other oils (esters and glycols) may be
SYSTEM moderately mobile and much less persistent due to

hydrolysis and biodegradation.

The primary pathway of concern from the
soil/ground-water system is the contamination of

PATHWAYS groundwater drinking water supplies with synthetic
OF crankcase oils, especially those based on organic and

EXPOSURE phosphate esters and polyglycols. Runoff to surface
water drinking water supplies may be an important
exposure pathway for hydrocarbon-based oils. Inhalation
exposures and ingestion with food are not expected to
be significant.

Signs and Symptoms of Short-term Human Exposure:
(2236)
Headache, dizziness, nausea, vomiting, incoordination,
profuse perspiration, lethargy and unequal pupil size
were observed in an individual who inhaled vaporized

HEALTH synthetic lubricating 61L
HAZARD

DATA Long-Term Effect-.-: _9o data
Pregtancy/Neonat¢ D{?- No data
Genotoxicity Dta: Sin."le report notes findings in

bacterium
Carcinogenicity Classification"
IARC - No data
NTP No data
EPA - No data

HANDLING Protective gloves * C ggles or face shield if possibility
PRECAUTIONS of eye contact exists.
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA

AiR EXPOSURE LIMTr=:

Standards
* OSHA TWA (8-hr TWA):, Petroleum dsti~lates (naphtha)-400 ppm
* AFOSH PEL (8-hr TWA): Petroleum distillates (naphtha)-400 ppm;

STEL (15-min)-500 ppm

Criteria
* NIOSH IDAH (30-min): Petroleum distillates (naphtha)-10,000 ppm
0 NIOSH REL (10-hr TWA): Petroleum distillates (naphths)-350 mg/mr
0 NIOSH CL (15-mm): Petroleum distillates (naphtha)-1800 mg/m'
* ACGIH TLVI (8-hr TWA): Petroleum distillates (naphtha)-None

established
* ACGIH STEL (15-min): None established

WATER EXPOSURE LIMITS:

Drinking Water Standards
None estalished

EPA Health Advisories and Cancer Risk Levels
None established

WHO Drinkin& Water Guideling

No information available.

,,.mbient Water Quality Criteria

0 Human Health (355)
, No criterion established; synthetic crankcase oil is not a priority
pollutant.

0 Aquatic Life (355)
- No criterion estabL-hed; synthetic crankcase oil is not a priority

pollutant.

Oil and Grease (2012)
For domestic water supply: Virtually free from oil and grease, particularly
from the tastes and odors that emanate from petroleum products.

S• m | I | |
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA

For aquatic life:

- To p.otect several important freshwater and marine species, each having a'
demonstrated high susceptibility to oils and petrochemicals, the lowest
continuous flow 96-hour LC., should be reduced a hundred-fold.

- levels of oils or petrocbcmicals in the sediment which cause deleterious
effects to the biota should not be allowed;

- surface waters shai] be virtually fi-ee from floating non-petioleum ois of
vegetable and animal origin as well as petroleum-derived oil

BnRENCEN DOSES:
No reference dc-.e available.

REGULATORY STATUS (as of 01-MAR-89)

Promulgated Reu!ations
* Federal Programs

.I•an Water Act (CWA)
Oil and grease are designated conventional pollutants under the CWA
(351). Lffluent limitations for oil and grease exist in almost all the
point source categories under the general pretreatment regulations for
new 3nd existing sourccs, and effluent standards and guidelines.
LI.r.itations vary depending on the type of indust-.y (3763).

Jbxk Substances Control Act (TSCA)
Manufacturers and processors of the Cq aromatic hydrocarbon fraction
must .test it for neurotoxicity, mutagenicity drevlopniental toxicity,
reproductive effects and oncogenicity. The C, fraction is obtained from
the reforming of crude petroleum. It consists of etyltoluenes and
trimethylbenzenes (1988). Testing will be conducted by the American
Petroleum Institate. Interim reports must be submitted at 6-month
intervals (1987).



SY•n-mc CRANKCASE OIL 70-5

Marine PRotection Research and Sanctuaries Act (MPRSA)
Ocmasn dumping of known or suspected carcinogens, mutagens or
teratogens i prohibited except when they ere present as trace
contaminants. Permit applicants are exempt from these regulations if
they can demonstrate that such chemical constituents are non-toxic and
non-bioaccumulative in the marine environment or nre rapidly rendered
harmle by physical, chemical or biological processes in the sea (309).

Occupational Safety ard Health Act (OSHA)
Employee exposure to petroleum distillates (naphtha) shall not exceed
an 8-hour time-weighted average (TWA) of 400 ppm (3539).

Hazardous MateriaLd Transmxrttion Aj (HMTA)
The Department of Transportation 1i-, designated petroleum distillates
as hazardous materials which are subject to requirements for packaging.
labeling and transportation (305).

* State Water Programs
ALL SATE
All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Exposures Limits section) as their promulgated
state regulations, either by narrative reference or by relisting the
specific numeric criteria. These states have promulgated additional or
more stringent criteria:

Alaska has a water quality criterion for the protection of aquatic life of
15 ug/L for total hydrocarbons and 10 14g/L for total Arm-natic
hydrocarbons in fresh and marine surface waters (3016).

Arkansas requires that oil and grease shall not exceed 10 mg/L average
or 15 mg/L maximum when discharging to surface waters (3587).

LOR MA
Florida requires that oil and grease not exceed 10 mg/L in Class V
waters (navigation, industrial use) and 5 mg/L for all other surface
waters (3220).

MASSACHUSETTS
Massachusetts requires that the maximum discharge concentration of
oil and grease of petroleum origin not exceed 15 mg/L in surface
wate.rs (3432).

Nebraska requires that petroleum oils not exceed 10 mg/L in surface
waters (3719).

LTE-W YORK
New York has set a maximum contaminant level of 50 ug/L for
kerosene in drinking water (3501).
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SOUTE DAKOTA
South Dkota has a water quality stan !ard of 10 mg/IL for all
petroleum products in surface waters 3672).

Viurgaia has a wa~er quality standard f I mg/L for petroleum

hydrocarbons in ground-water (3135).

Wyoming has a water quality standard of 10 mg/L for surface waters
atd Class II and lII ground-waters. In addition, Class I domestic
tround-water is required to be virtual] free of oil and grease (3853,
3852).

Pronosed Regglations
"0 Federal Programs

No federal regulations are pending.

"" State Water Programs

No state regulations u-e pending.

MOST CTE
Most states are in the process of revising their water programs and
proposing changes to their regulations!which will follow EPA's changes
when they become final. Contact with the state officer is advised.
Changes are projected for 1989-90 (3ý83).

EEC Directives
Directive on Ground-Water (538)
Direct dischar;e into ground-water (i.d., without percolation through
the ground or subsoil) of organophosphorous compounds,
or;..zohslogen compoui' - and substances which may form such
compounds in the aqu- ic environment, substances which possess
carcinogenic, mu.age- .c or meratogenic properties in or via the aquatic
environment and n- .eral oils and hydioarbons is prohibited.
Appropriate mtes.,ares deemed necessary to prevent indirect discharge
into grL.-nd-- ter (i.e., via percolatiori through ground or subsoil) of
these substances shall be taken by member countries.

Det .M FRVshingvater Quality (536)
Petroleum products must not be present in salmomd and cyprinid
wa~ers in such quantities that they- (1) form a visible film on the
surface of the water or form coatings 'on the beds oi water-courses and
lakes, (2) impart a detectable *hydrocarbon" taste to fish and, (3)
produce harmful effects in fish.
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Directive on the Ouality Re4uired of Shellfish Waters (537)
The mandatory specifications for petroleum hydrocarbons specify that
they may not be present in shellfish water in such quantities as to
produce a visible film on the surface of the water and/or a deposit on
the shellfah which has harmful effects on the shellfish.

Dfmtw. on the Discharge of Dangerous Substances (535)
Organohalogens, organopbosphates, petroleum hydrocarbons,
carcinogens or substances which have a deleterious effect on the taste
and/or odor of human food derived from aquatic environments cannot
be discharged into inland surface water territorial waters or internal
coastal waters without prior authorization from member countries
which issue emision standards. A system of zero- emission applies to
ditcharge of these substances in:o ground.water.
Directive og TOxic and Dangerous Wastes (542) "

Any installation, establishment, or undertaking which produces, Lolds
amd/or disposes of certain toxic- and dangerous wastes including phenols
and phenol compounds; organic-halogen compounds; chrome
compounds; lead compounds; cyanides; ethers and aromatic polycyclic
compounds (with carcinogenic effects) shall keep a record of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used .for disposing of such
Waste.

Directive on the Classification. Packaging and Labeling of Dangerous
Substance (787)
Petroleum and coal tar disti~lates with flash points below 21°C are
classified as flammable substances and are subject to packaging and
labeling regulations. Because of the variable composition of other
petroleum and coal tar distillates (excluding those used as motor fuels)
they are considered preparations and their labelin; shall be done in
accordance with the procedures outlined in the Directive Relating to
the Classification Packaging and Labeling of Dangerous Preparations
(solvents).

Directive on Disposal of Waste Oils (1986)
Ettablishments collecting and/or disposing of waste oils must carry out
safe collection and disposal of waste oils so that there will be no
avoidable risk of water, air or soil pollution. A permit from the
competent authority must be registered and adequately supervised for
collecting, disposing or regenerating waste oils. PCBs and PCTs must
not be present in amounts greater than 50 ppm in regenerated waste
oiL.

EEC Directives - .Froposed
Provosal for a Council Directive on the Dumping of Waste at Sea(1793)

EEC has proposed that the dumping of crude oil, petroleum
hydrocarbons, lubricants and hydraulic fluids at sea be prohibited.
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70.1 MAJOR USFS AND COM0SMITION

70.1.1 Major Uses

Synthetic crankcase oils are used to a much letser degree than mineral base
crankcase oils, primarily because they are more expensive, and mineral oils can be
formulated to meet the same requirements in most applications. Synthetics are used
in equipment that creates severe conditions for which a mineral oil cannot offer
adequate service. Synthetic base oils offer a dramatically increased range of operating
temperatures that makes them almost a necessity in any equipment that is exposed to
or produces beat extremes. Such uses include jet and commercial aircraft engines,
aircraft hydraulics and Lnstrurnents, uses in nuclear reaction facilities, and in synthetic
base automotive engine oils. Some synthetic base oils also provide excellent fire
resistance which makes them attractive choices in applications where there is a

* possibility of contacting open flames or extremely hot surfaces (21).

0.12 Composition

4', Synthetic oils are composed of greater than 50% synthetic fluids. They can be
formulated with additives to improve performance just as mineral base oils are (see
Chapter 69, Table 69.3). Occasionally a mineral oil itself serves as the additive (up
to 50%) in synthetic blends (1821). Tables 70-1 and 70-2 provide a list of possible
synthetic base crankcase oils and compositional information.

In general, the same additives used in mineral base oils (see Chapter 69, Table
69-3) can be used with synthetic oils and will have similar effects. However, there
are undoubtedly additives with which solvent characteristics of base oil and solubility
will be important determining factors limiting their use. A listing of some of the
additives used in synthetic crankcase oil is provided in Table 70-3.

70.2 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS

70.2.1 Tranpoxt in Soilrmd-water Systems

Most synthetic crankcase oils (except those like the water soluble polyoxyalkylene
* glycols and phosphate esters) are expected to be highly immobile in the soil/

ground-water environment. Bulk quantities of the oil (from a spill or improper
disposal) might be carried slowly through the unsaturated zone to the top of the
water table, but the high viscosity and low water solubility would mitigate this effect.
Most likely, at least with moderate to small spills, the oil woui- remain entrained in

\ , I
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TABLE 70-2
SOME SYNTHETIC OIL BASES*

.14 sters b (monobasic and dibasic acid esters, triesters, and polyesters)
isocetyl adipate
isodecyl adipate
2-ethylhexyl sebacate
peritaerythritol -
2-c~thyl-2-hydroxymrethyl-1,3-propanedioI
tri1me!Iylolpropane
dioctyl sebacate
di(3-niethylbutyl)adipate
di(2-ethylbutyl)azelate
trimethylolethane
d~ibuas acid ester/silicate ester blend (15% diester)
dibauic acid ester/polyglycol blend
dibasic acid estcr./synthetic hydrocarbon blend (-J3% diester)

polypopylklene glycols(oy!ch
polyprtpylene glycol
polyuthylene glycol

polyglycol/water blend
polyglycol/mineral oil/silicate ester blend
ipolyglycol/dibasic acid ester blend

Pbos.3hate Eterm'
tert-butyl-triphenylphosphate
tripheny'phosphate
phenyl-m-tolyl-p-ch!orophenylphosphate
tricresylphosphate
tri(2-ethylhexyl)phosphate
diorgariodithiophosphate
triethyiphosphate
pheny' -m-trifluoromcothylphenyl- 1-naphthylphosphate
trixylyiphosphate
trialkyl thiophosphate esters (OP(OC2 HISCýH,-),)fmineral oil blend
phosphate ester/polyglycol blends (tnibutox.ye-thyL'tributoxyeihoryethyI phosphates)
phosphate esters/dimethyl silicone polymer blend
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TABLE 70-2.- (Cont..)

Silicate Fsters.
tetraethyl silicate
tetra(2-ethylbcxl) silicate
tetra(2-etbylbutyl1) silicate
bexa(2-ethylbutoxy)) disiloxane
di-(2-ethylbexyflsilicate
cresyltriisopropyl silicate
sfili.ate ester/dibasic acid ester blends

u ilica:le ester blends with chlorofluorocarbors. m~iecral oils, silicones, polyglycols; e.g.,
bis(2--ethyIhexyl)propylene glycol and butylniethyl
propyleric glycol/tetra alkyl orthosilicates or bexalkoxy disiloxanes

methyi, dimethyl polysiloxane
phenylmethyl polysiloxane
chiorophenyl polysfloxane
trifluoropropylmethyl pofysiloxane

jl=.tk7 1vdr-Ocarbonsr
alpha olefins (olefin oligomers)
2,3-dicyciohexyl-'2,3-dimethyl butane
dialkylated benzene
polyisobutylene
synthp.t~c hydroc-arbon/dibasic acid ester blend (-33% diester)

polychlnrotrifluoroethylene4 Zrifuorotrichlorocthanc

a) This table contains specific base chemicals or chemical classes used in synthethic
lubrc6ants. These chemicals may or may not be typical but all were reported in
the literaturc. as po6.iible fluid I-ases.

h) Referenco-z 21, 1826, 8314
c) References 21, 1822
d) References 1822 1829

~1e) References 1822. 1826
f) References 21, 1834
g) Reference 1822
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TABLE 70-3

SOME CHEMY!. .;urTvES USED IN SYNTHETIC CRANKCASE OIL

Chemia~assNameI~ical Range Used

Qxidpt Inhibitors O-ZO% 'st'
26-d-ter'-butyl-p-cresol
phenothiazine
2,S-d-n-butylaminobenzoquinone
"2.-dipiperidyibenzoqvaione
2,54d-tert-butyl-p-benzoquinone

quirioline
bydroquinone
RySb or Ry,Sb R=butyl or phenyl groups
phenyl-alpha-naphthylamine
triethanolamine
2-naphthol
zinc dithiophc~phate

AntwE;Ar nd Extreme Pressure Additii es 0-6% wt.,
0rc.-zsylphc~sphate
zinc diorganodithiophosphatp.
zinc diisodecyldithiopbospbate
zinc di-n-butyldithiophosphate
n-tosyltetrairropenyl succinimid:
hexadecyldiethyldithiocarbamate
benzyl disulfid,:
tungsten sulfic'e

Rug- and Corrosion Inhibitor, 0-2.0% wt.'
barium dinonylnapbt~hylene
o-tosyltetrapropenyl succininiide
zinc dithiophosphate.
dicyclobexamine
diisobutyl ketone

Viscosity Index MV) Inmnrovers 0-207% wt.
polyisobutylenes
polymetbacrylates
polyalkylstyrenes
etbylene-propyiene copolymners
styrene-butadiene copolymers
hydroxy, cellulose ether
silicone polymers (methyl and dimethyl polysiloxarics)
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TABLE 70-3 (Cont.)

Chemical/Class Nnme Typical Range Used

Detergents/Dispesants 0-20% wt t

polyisobutenyl succinic anhydrides
borated alkenyl succinimides
oxazoline
phosphonates and thiophosphates
alkyl phenols and alky, phenol .ulfides
alkyl methacry!ate-Jimethylaminoethyl methacrylate €:)polymers
alkyl methacrylate-n-vinylpyrrolidone copolymers
vinyl acetate-dialkyl fumarate-malcic anhydride copolymers

a) This table contains specific chemical additives used in crankcase oil. These
chemicals may or may not be the typical additives but all were reported in the
literature as possible chemical additives

b) References 21, 1823, 1831, 1832, 1834, 1835, 1836
c) References 21, 1821, 1825. 1826, 1827, 1833
d) References 21, 1821, 1822, 1823, 1825
e) References 21, 1824, 1825, 1832, 1835, 1836'
f) References 21, 182.2, 1827

the pores of the soil near the surface. This would be more likely for low porosity
and high organic carbon content soils, and less likely for sandy, porous soils.

Transport and subsequent fate of dissolved constituents of these soils wiil vary
depending on the physicochemical (and biological) properties of the constituents.
Some constituents will dissolve more quickly in the percolating ground waters, be
sorbed less strongly on the soils (thus being transported more rapid!y), and may be
more, or less, susceptible to degradation by chemical or bio!ogical action. The
relative ..oncentrations of the constituents of the oil will vary with time and distancc
from the site of initial contamination. This effect is called "weathering". (This term
is also used to describe changes to oil following spills into surface waters where film
spreading and breakup, and differential volatilization, dissolution, and degradation all
are involved.)

Almost all of the pure hydrocarbon constituents in these oils (e.g., Class I
materialh listed in Table 70-1) would fall into a highly immobile class for
consideration of movement of dissolved constituents through the soil/ground-water
system. While no data are available, it is estimated that all such constituents wculd
have solubilities in pure water of less than 1 mg/L For example, ethylnaphthalene,
CQH,, has a solutility of 0.8 rag/L (1839), although the solubility of most constituents
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might be orders of magnitude less than this [e.g., eicosane, C.H. is estfrated tc
have a solubility of 107' pg/L (1840)]. The ccrresponding soil sorption constanL
(K.) estimated from such solubilities would all be over 10,000 and most would be
over 1,000,000 indicating very strong sorption to soils containing organic matter.
Constitunts with low molecular weight, high aromatic character, and/or nitrogen and
sulfur beteroatoms will tend to be the most mobile.

By contrast, other synthetic oils (e.g., from Classes 2-4 listed in Table 7G-1) could
have appreciable water solubilities, moderate to low soil sorption constants, and a
moderate mobility in the sod/ ground-water system. Few data were found that might
show the range orn mobilities to be expected. Some' data on the phosphate esters are
provided in CLapt.pr 49 ,of this Guide and in references 1490 and 1496.

No equilibrium partitioning mode! calculations (as have been given for most
other chemicals in this Guide) are given for these oils. This is due to the wi,','-
variety of materials (chemical classes) covered by the category of syntlhetc ,.ncating
oils, to the lack of any real data on their physicochemical properties of eravironmental
importance, and to the wide range of partitioning. bhaviors that 'could be shown fromn
the highly immobile (Ceass 1, Table 70-1) to the mobile (Qxisses 2-4, Table 70-1) oils.
To provide model outputs in this case would involve cxcer.ive spxclation (on the
needed physicochemical properties) end alluw easy misuse of model results. It should
be clear, however, that all such calcuiations for pure hydroc.bon materials would
show that essentially all of the oil was sorbed to the soil aad that negligible amounts
were present in the soil-air or soil-water compartments.

The aq"eous phase mobility of oil constituents could be significantly enhanced if
the oil was in the form of a very fine emulsion, or if the percolating ground-water
contained a significant amount of dissolved ordanic carbon (e.g., humic and fulvic
acids, fatty acids, or chlorinated solvents) fromn other natural sources or other
discharged materials. The dissolved orgaric carbon, much of it possibly in the form ., -

of colloidal particles, could absorb the jil constituents and assist in their transport
through the soil/ground-water system.

Volatilizat'on oI constituents from the crankcase oil would be slow because of
the low vapor pre.rures involved (presumably <1 mm Hg at 25*C for individual
constituents, with many below 1E-06 mm 11g). However, geven that spilled oils may r"A
remain near the soil surface, making volatiization easier, that the material is resistant
to leaching and degradation, and that the Henry's law constant may' be moderately
high, at West for the hydrocarbons, it is thus presumed that volatilization will be a
major k-5s mechanism for spilled crankcase oil over time periods of weeks to years.
Because the lower molecular weight (more liquid) constituents would tend to
volatilize first, the remaining material would generally have lower volatilities and
lower water solubilities.

-h,
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70.2M Tramformatido Proces in SoilrAond-water Systems

An assessment of environmental persistence for synthetic crankcase oils is
difficult, given the variety of materials involve-.J and the lack of pl-rtinent data. Thus,
most of the statements given below are both general and speculative in nature. Only
the phosphate esters have been the subject of several environmental studies (see
Chapter 49 of this Guide and references 1490 and 1496).

Synthetic bAse crankcase oils are expcted to be moderately persistent in the
soil/ground-water en,,fionment because of their resistance to hydrolysis, cddation, and
biodegradation. The general resistance to hydrolysis (for saturated and unsaturated
Lydrocarbons) is described by Harris (529). However, the organic esters, phosphate
esters, and polyglycols would be somewhat more susceptible to hydrolysis, especially
under basic conditions.

The assessment of the resistance to biodegradation is more complex. Most of
the hydrocarbon molecules (Class 1, Table 70-1) are so large that passage through
cell walls (where metabolism or deradation is relatively easy)'is hindered and much
of the biodegradation must be carried out by extracellular enzymes secreted by the
microbes. Such difficudltes aside, many studies on petroleum hydrocarbon materials
(oils as well as light disti1latm) have shown moderate to high eventual susceptibility to
biodegradation for the bulk of the material (1842). A period of microbial adaptation
may be required. Tre organic esters, phosphate esters and polyglycols would be
expected to be more readily biodegraded.

Different constitoents of the oil will differ significantly in their biodegradability
for reasons related to molecular size, structure, and toxicity. For example, highly
branched alkanes are much less biodegradable than linear alkanes, and polycyclic
aromatic hydrocarbons with three or more rings are very resistant to biodegradation
(515). For all hydrocarbons, aerobic biodegradation would be expected to be much
more important than anaerobic biodegradation (1841). Because of this, and because
of the decrease in microbiological activity with increasing soil depth, oil constituents
reaching deep anaerobic soils could persist for very long time periods.

70.2.3 Primary Routes of EFp-ure from Sdil/-rotmd-wa2er Systems

The abeve discussion of fate pathways suggests that the pure hydrocarbon
constitLents of synthetic crankcase oils (e.g., the subst3nces listed in Class 1 in Table
70-1) will have low volatility in pure form, but may be relatively more volatile in
water because of their low solubility. They will tend to be strongly or very strongly
sorbed to snil. Their biocor.cntration factors are expected to be low because, as
descnrbed above, they are not readily taken up by biota. Organic estecs, phosphate
esters, tmd polyglycols (Clarses 2-4 in Table 70-1) used as synthetic crankcase oils
would be expected to be weakly sorbed to soil, have low volatility and low poteatial
for bioaccurnulation. These fate characteristics suggest differences for the two types
of synthetic oils.

F- .
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Volatilization of synthetic crankcase oils that have 'spillxi o; are improperly
disposed of is not expected to result in significant exposure of workers or residents in
the area regavles of the type of fluid. Although the pure hydrocarbon fr3ction of
the flutd wifl volatilize to some extent, it does so slowly, giving little opportunity for
lss from spill to occur before they pass into the soil. The ester and glycol based
synthetic oils are not expected to result in significant inhalation exposures because of
their Pyw volatiliy.l

Ground-water contamination may be a significant exposure pathway for the water
soluble synthetic oils (organic esters, phosphate wters and polyglycols) because they
are highly soluble, and would be readily transported in the ground-water. Exposure
may occur through the direct use of ground-waters as drinking water supplies or
indirectly through the discharge to surface waters. Surface waters may also be
contaminated by the discharge of soil particles to which synthetic oils (especially the
pure hydrocara)on oils) have been sorbed. Where surface waters have been con-
taminated, ingestion exposures may occur from their use as drinking water supplies,
and dermal exposures may result from their recreational use. The uptake of synthetic
crankcase oils by aquatic organisms or doinestic animals is not expected to result in
significant ingestion exposure because of their low potential for bioconcentratign.

702- Otb.4 Sources of Humsn Exposure

Data on the ambient concentration of synthetic crankcase oils in air and ambient
water, as well as food and drinking water, are not available in the literature. Severl,1
exposure pathway; other than through ground-water contamination may be identified,
although the extent of these exposures has not been quantified. Leaking gaskets and
seals may result in oil being deposited on roadways or runways, where it is washed
into surface waters or (in the case of the soluble fraction) transported through the
soil into the ground-water.

Personnel involved in the maintenance of aircraft and other machinery are
expected to receive the greatest exposure to synthetic crankcase oils. While 4
inhalation exposures are not expected to be large, direct dermal exposures are likely
if protective gloves and clothing are not worn during maintenance operations.

70.3 HUMAN HEALTH CONSIDERATIONS

The majority of data available in the literature describe health effects associated
with mineral base crankcase oil exposure. Synthetic lubricants generally do not
present any significant additional hazards (2216) and are considered similar in toxicity
to mineral base lubricants (see Chapter 69).
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703.1 An;m- Stdies

703.1.1 Cogcemc ty

No specific data were found.

7031.2 Mutagencity

Synthetic crankcase oil [MoblUO-] was mutagenic when tested in strain TA98 of
Salmonella thimurium (2222). No other studies were found.

70.34.3 Teratogenicity, Embrytoziity and Reproductive Effctsa

No specific data on the teratogenic or reproductive effects of synthetic crankcase
oil were found.

703.L4 Other Taoicologic Effects

70.3.1.4.1 Short-term Toxicity

Sprague-Dawley rats and chickens were exposed (head-only) to 47.2-48.5 g (total
weight over time) synthetic lubricating oil [Exxon( 2380 turbine engine oil1 for 7
hovrs. No adverse effects were noted up to 40 days post-exposure and no
abnormalities were r.wealed during necropsy (2232).

70.3.1.42 Ckronic Toicity

No specific studies dealing with the long-term toxicity of synthetic oils were
located in the literature.

703.2 Human and Epideoog Studies

703.2.1 Short-term Toxiclogic Effects
4

An acute case of intoxication following inhalation of vaporized synthetic
lubricating oil was reported by Montgomery et al. (2236). A navigator in a military
C-!30A aircraft gradually developed headache, dizziness, nausea, vomiting,
incourdination, and profuse perspiration. Approximately 80 minutes after the onset
of symptoms, he was lethargic, had depressed deep tendon reflexes and had unequal
pupil size. Clinical status returned to normal within 24 hours. Slight unequal pupil
size was the only effect reported during long-term follow-up.

No othr studies were found on the acute toxic effects of synthetic crankcase oil.

//
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70M ±2i.z Tic~ologic Effects

No studies were found in the literature dealing with the effects of long-term
erposure to synthetic crankcasie oil in humans.

70.33 Taukscollo of Synthetic Crankcase O(M Compoaez~t

The composition of synthetic crankcase oil varies greatly and usually depends
upon the specific conditions of use. Since the exact composition of the oils is
con.tantly changing and difficult to define, th. toxicology of compon~tnt classes are
briefly discussed below. See Table 70-4 for the acute toxicity data of specific
compomds."

Organic ester-s

Organic esters generally found in lubricating oils and hydraulic fluids inc:ude
adipates, sebacates and dibasic acid esters. Dibasic acid ontes are generally non-toxic
via ir.gestion or skin absorption. The only effect noted from dermal contact may be a
drying of the skin (1822). Di(2-hexoethyl)succinatc is a sebacate which is relatively
non-toxic to animals. In humans it is expected to have a low toxicity. Large doses
may produce CNS depression,, nausea, vomiting and transient liver and kidney injury
(12). Not all neopentyl esters have been tested for toxicity, but studies with
trimethylopropane mter showed a toxic level comparable to that of mineral oil (1822).

Ingestion of polyglycols is unlikely, but small amournts produce no toxic effect.
No cases of skin irritation or skin sensitization have been repo'ted; mild irritation to
the eyelid has been reported but effects were only transitory. Usually no inhalation
hazard exists but at high temperatures, where vapo:s are likely to fokm, adequate
ventilation should be provided (1822).

UconO Puids are a mixture of polyalkylene gly;:ols and diesters. 30-IB-260,
50-HB-5100, 25-H-2005, and 75-H-1400 ate low U uingle-doýe oral toxicity with LD.
values for the male rat ranging from 5.95 to >64 ml/g bw; oral LD,, values for the
rabbit range from 1.77 to 35.4 mlAcg bw. The lower molc=ular weight rompounds
are more toxic. A dose-related granular degeneration of the cytoplhsm of the smooth
muscle in the intestinal wall was noted in dogs fed 25-H-2005 for two years. The
significance of this finding is unknown. No other adverse effetn were s'own. 'ihc
only adveise effect observed in rats fed up to 0.5 g/kg/day of 25 H-2005 for two years
was a slight growth depression in females (12).

No carcinogenic effects were observed in rats orally administered Ucurg fluids in
the diet or in mice dermally exposed to these compounds (13).
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TABLE 70-4
ACUTE TOXICITY OF SELECTD COMPONENTS OF SYNTHETC

CRANKCASE OIL

Compound Oral Dermal Inbalation
(mg/kg). (mg/g) (ppm)

24ethythexylsebacate LD, [rat): 1280
pent&.erythritel LD1. [mouse): 2.5,500
polypronylene glycol LD,. [rat].- 419-
polyethylene glycol LD,. (ratjý 33,750-
trlphenylphosphate LDL, (ratl: 3000
tricresyiphosphate LD)L* [rat]: 4680
tri-ortho-

cresylphosphate LD5. [rat): 3000
DLD. [human]: 1000

phosphate LD3.4 (rat]: 37,000 LUL (rabbit]:

trietbylphosphate ID, [rat]: 1600 /
tetrae~thyl silicate LDL, (ratj: 1000 LC.., (rat]:/

1000 -4 hr
tetra(2-etbylbutyl)

silicate LD, [rat]: 20,000-
trifluorotri-

chloroethane LD, [rat]: 43,000 -TC,. [rat]:
87,000-6 hr

Source: 47

Polyethylene glycol applied to th'e open wounds of rabbits resulted in metabolic
"ciosis and changes in blood chemistry consistent with nephrotoxicity (2225). Effects
were attributed to the mnetabolismz. of polyethylene glycol to to~ic compounds (such as
hydroxyglycolic and diglycolic acid homologuzes) which are efficient chelators of
calcium. The inechanism of damage was similar to that associated with ethylene
glycol-mediated ren~l failure. See discussion of the toxic effects of ethylene glycol in
Chapter 43 Lof the Installation Restoration Program Thxicology Guide.

No adverse changes in clinical, biochemical or hematological parameters
developed in rats fed 2 ml/kg/day polyethylene glycol 400 (duration not specified)
(224). Examination of monkeys administered the same treatment revealed a
deposition of oxalate crystals in the cortical tubules of the kidney (224).
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Orga,*n phosphates poszss Lxctz'~t th-rniarI stubility and chemical solv ncy
properties which makes h-:m valuablz yntb...tic lubricant and hydraulic fluuid
components (1822).

Organic phosphates are readily ab%.orbed through the skin and an be in ialed.
-1n~estion is rare. Signs of oii~lo~zeav xsr ekc tiu~to of
the autonomic and central nervous system~s, resulting from inhibition of
3cetylcboliestzraac and the consequent accumulation of acceIykholie. Thc Iiftial
effiect is on smooth muscle, cardiac musie, And exocrine glandi. Lad~y signs of

A, oxicity include intestinal cramps, ti~btnegs in'the che~st, blurred vis~ok4u, d ht
diarrhcs, decreased blood pressure, and salivatitin. The tzcond stage of inlto~lcatior
results from stimulation of the peripheral motor system and of all autonomnic ganglia.
Toxic augnh include stimulation and;/or paralysis of the somatic, autonoimic, and central
nern-Ous systems.

Chronic adrnin~trstion of low doses of o~rganic phosphates produce a sual
decrease in cholinesterase activiy. L'dmc effcts are nont-xistent to slight an~ may
result in di,#rrt'ca and tremors. Delayed paralysis in fran and animals due to a
degeneration of the axor.s in th~e spi.?I -;ord and peripheral ncrves has also hcn
associated with organic phosphates, particulatly tri-o-cresyl pheephatc (TOCP) (13).
See Chapter 49 of the In~stallation Restorat ion Pzogram Toxicology Guide Folra
complete discussion on TOCP.

The tmnkity of the orthosilicates anid disiloxana vary widely a..d range fr m
almost completely innocuous to ,;athcr poison.As (1822). Injection of ethyl si icate
compounds irAQo the skiin of rabbits produced transient erythemna, edcma, and light
necrosi& at -the injection vie. When. instilcd into 'he tat-bit eye. it produced ' ransient
irritation. Iuhr!ation of 400) ppm by rats for 7 hours!day for 30 days cataed nTortahty,
and lung, liver, and kidney dansage. Inhalation of 68 ppm produccd no a~
effects (12). avr

Generally, silicones are not irritating !o the'skii, and cause no corneal d3 ~ age
when spliaared into the eye. Slght trmpecery irritation to the eye has been r~ pu.rted
in sorre individuats with Wfects disappearing Within 24 hours. Toxic rnaterials may
also be emritted durir-g decomposition of fluorinated silicone polymers at tr aue

S570Y'F (18M). tm~auc

In chronic fLe.ling experimcnts., rats treated with bcxamcthyl disiloxane (IxI S)
shov.',d widespred ysr.temic irrtation. Rabbits in~ectcd intradcr-nally with HjS
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developed edcrna and necrosis at the injection sites. Siloxanes injected into the
rabbit eye resulted in transient irritation with complete clearing after 48 hours.
When inhaled at 4400 ppm for 19 to ý6 days, HMS caused slight depression in the
rat and guinea pig, with a very sight increase in rat liver and kncy weights (12, 13).

Silicone resins had no influence on health when fed for 94 days to rats, and did
not result in irritation to rabbit skin oi eyes. No toxic effects were reported when
injected into rats intraperitoneally (12).

Rats fed a dietary level of 0.3% Antifoarn AW for two years showed no
significant toxic effect. Long-term feedLig aiwdies in nsic-e reported similar results;
however, & sin&i subcutaneous injection of 0.2 mL antifoara showed a greater
incidencc. of cysts at the site of injection (13).

Polydiniethyl siloxane caused no evident changes when tested for reproductive
and terato~ogic effects in rats and rabbits, or testicular effects in rabbits.
Dimethylphýetylmcthylpolysiloxanc, tris(trimethylsiloxy)phenyls:iIane, and
*trihuoropropylm..thylpoly,,siloxane were also negative in male reproductive studies (13).

Other components of synth-.tic lubricating oil ;end .-ydraulic fluids include
polypbenyl ethers. Studies with phenyl ether zhowed no toxicological effects
following inha!ation of vapors or contact with skin. IBis(p-phcnoyphenyl)Cthcr,
bis(m-phenoxyphenyl)ethcr, and w-bis(m-phenoxyphenoxy)benzene caused no irritation
in skin tests with rabbits and onl mIl tra'int irritation, in acute eye tests. These
compounds were practically non-toxic in a'Cute oral and intraperitone'il tests with rats.
Pbencoic degradation products formed during use of these~ materials under severe
conditions are expected to increasc tcxicity (1822).

Synthetic Crankcase Oil Additivcs

Information ava~lahle on adiditives used in 4ynth.otic crankcase oil is lintited.
Selected compounds Pre briefly discussed below. Rehcr to Table 70-5 for the acute
toxicity data o! specific add~tives.

2.6-Ditcrt-bu y-P-r4•Ž

2,6-Di-teri-buityl-p-crcsol. more cormmroiy known as hutylated
bydroxytoluene or BH--T, is used as an oxidlation in~hibitor in synthetic crankcase oil
and hydraulic fluids.

BlITT inhibits :uogcnesl' when multiple drses are adminisiteredofr
cArcinogen while the incidence of hcpatortias induced by 2- acetylaminofluore ti and
the number of pulmonary adcnomas induced by urcthane were auigmented by
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TABLE 70-5
ACUJM TOXICITY OF SELECED ADDITVES OF SYNTHETI1C

CRANY.CASE OIL

CDMpo~und ^ial De~IInhalation

(mg/kg (mg/kg) (ppm)

2k64i-tent-uty!-

phenothiszifl LDj, [rat): 5000
LDL. (cbildj: 425

pyridine ID$$ frat): 891 LDL, fraboi:J: LC;, [rat):
IM 4000 -4 hr

quinolizic LDS* (rat]: 331 U)M% I.-sbitJ:-

bydroquinone LDM [rat]: 320
LDL. j~manj. 29

naphth,!2mine LD,, frat]: 1623-
uriethar'olarine LD" [r~jt!: 868W
2.naphthoI LD,. (rat]: 2420
ziac dithiopbospliatc LDt. Irabblifl: 2130
tric~esyl pbosphatc LDL. fr~tj: 4680
tri-oflbo-cresyl

phosphate LI),. fratI:300(0
LDL. lbuman]: 1000)

dii~sobutylketone L.D frat): 5750 LD,. [tabbit): LCL,. [rat]:
xoXw 2"04 hr

- LC, 'human]:

Sour'ce: 47



post-treatment with BHT (17). The NOI bioassay for carcinogenic cffccts of BH{T in

(17).

Various morph~ological adbohmclchanges have been observed in
experimental animals fed extremely hgdoeofBH-T. Adverse effects included a
dose-ependent reduction in growth raeadalveolar epitbelial damage in mice which
progressed to fibroisis when pure oxygen followed :he, BHT exposure.
Dose-dependent fatalities occurred fiom wassive hemorrhages into t~he pleural and
peritoneal cavities while survivors suffered hemorrhages of the epididymis,,teastis, nasal
cavity, and pancreas. Liver changes in rats, mice and monkeys included enlargement,
induction of rnicrosornal enzymes and an increased synthesis of hepatic smooth en-
doplasmic reticulumn (17).

BHT is mildly irritating to human skin and severely irritating to rabbit eyes (17.).

Pebnotiaz~ine

At one time, pheno~hiazint was used in hkiman medicine as an anthelmintic and
urinary antiseptic. Currently, it is an important antipsychotic drug used to diminish
motor activity and alter psychotic behavior (17, 16).

Side effects of phertothiazine include, toxic hepatitis and jaundic e, ukocytosis,
leukooenia, eosinophilia, and hemolytic anemia. Dermatitis, hypersensitistity, and
phoItos 'i'tvIty have also been reported in phenothiazine-tre~a!ed individvals (17,16).

Trinortho-qcrsyl phosphate CTOCP)

TOCP is known to cause pe-ripheral nervous sys'iem damage leading to
neuromnuscular problems (2216). For a complete discusslion of the toxicological
effects of TOCP, see Chapter 49 of this Guide.

7Zinc dithiophos. 1hatc

Zinc dialkyldithiophosphate (ZDDP) has a low acute systemic tooxrity with an
Toral LL,, value of greater than 2 g/kg bw and h Jermal LID, value in excess, of 3 g/!:g

bw (2317).

Undiluted ZDDP L% a severe eye irritat however, the diluted product, used as
the additive in hydraulic fluids and synthetic crankc.&w. oils, is regardsd as
non-irritating. Prolonged contact with 'undiluted ZDDP is irritating to the skijn and
produces moderate to sk-vere. erythema and edema. 2.,peated contact results in
fissuring a~id exfoliation (2317).
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In subchronic toxicity studies, ZDDP primarily affects the reproductive organs of
male rabbits. Dermal application of 5 to 25% ZDDP five days a week for t.ree
consecutive weeks resulted in decreased sperm counts and some testicular atroplhy
(2216). Somestudies suggest that the male reproductive effects may be physiological
And related to body weight loss and reduced food consumption rather thdn to the
toxic effects of ZDDP (1217).

Pyridine is absorbed froui the respiratory and gasti'mtestinaI tracts. Skin
absorption is not significant although contact may result in dermatitis. Short-term
toxic effects in animals are linked to central nervous depression. Prolonged daily
administration of pyridine to rats produced hepatorenal damage (17).

Acute toxicity resulting from the ingestion of several ounces of pyridine produced
severe vomiting, diarrhea, hyperpyrexia, and delirium. Death occurred 43 hours
po•st-ingestion. Autopsy revealed pulmonary edema knd Membranous
tracbeobronchitis which was thought to result from aspiration of pyridine into the
lung. A small oral dose of 2 to 3 mL pyridine hi man produced mild anorexia,
nausea, fatigue, and mental deprasion (17).

M~rouinone

Hydroquinone is irritating to the s!-in but not corrosive. Skin lesions in man are
generally described as depigmentaticn. Fatal human doses range from 5 to 12 grams.
Systemic effectu include tremors and convulsions plus occasional, severe hemolytic
anemia. No effect was reported fo~lowing human ingestion of 300 to 500 mg
hydroquinone daily for three to five months (17).

"70.3.4 Level of Concern

No criteria or standards specific for synthetic crankcase oil were located. EPA
(2012) does list a criterion for oil and grease which requires domestic water supplies
to be virtually free from oil and grease, particularly with regard to taste and odor.

70.3.5 HazaH Azsewcnjmt

Toxicological data located for synthetic crankcase oil are sparse. No data are
currcr'tly available regarding the carcinogenicity, reproductive, or lcng-terrm exposure
effects of these materials. A single report indicates a positive response in an Ames
mutagenicity assay (2222). Another study noted that rats and chickcns exposed to
xynthetic !ubricating oil for 7 hours exhibited no adverse effects (2232)

Intoxication of vaporized synthetic lubricating oil by an aircraft n3vigator
produced headache, diz,7iness, nausea, vomiting, incoordination, profuse sweating,
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lethsirg, depressed deep tendon reflexes, and unequal pupil size. Clinical status
returned to normal within 24 hours (22361. No other human data were located.

70.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of the presence of synthetic crankcase oils in soil and water
requires the collection of a represectative field sample and laboratory analysis for the
specific major components gcnerally attributed to oils of this type; however, the
relative concentrations of the constituents, and even the constituents themselves, will
vary with time and distance form the site of initial contamination due to weathering.
The major component categories in synthetic crankcse have been identified as the
following:

Aliphatic and aromatic hydrocarbons
Organic esters
Polyglycols
Phosphate esters

A combýnation of capillary column 'gas chronatography (GC) and gas
chromatography/mass spectrome'ry (GC/MS) techi'iqucs may be used to identify the
principal components in synt! .tic crankcase oils., Oil samples, and ary somples
collcted in the field which are primarily organic in nature, may require ;-paration
(prior to GC or GC/MS analysis using liquid solid column chromatography; the
various column eluates, with or without dilution in carbon disulfide, can then be
analyzed by GC or GC/MS techniques. Aqueous samples need to be liquid-liquid
extracted with an appropriate solvent (e.g., trichlorotrifluoroethane) prior to analysis;
solid sai.iples would be extracted with trichlorotrifluoroethane using soxhlet or
sonication methods. An aliquot of the sample extract, with or without concentration,
could then be analyzed by GC or GCIMS fo- the specific components of interes.
Sampilng and analysis considerations for some ,---.cific components possibly present in
synthetic crankcase oils, i.e., benzene, toluene, xylenes, ethyl benzene, naphthaleree,
TOCP and ethylene glycol, have been audressed in previous chapters. Infrared
spectrophotometry has also been used to detect crankcase oil in water (3560).

Alternatively, the *oil and grease" content can be measured. This determination
would not be the measurement of an absolute quantity of a specific component but
rather the quantitative determination of groups of components with similar physical
characteristics (i.e., common solubility in trichlorofluoroethane). The oil and grease
content is defined as any material recovered from extraction with
trichlorotrifluoroethane and mr.asured gravi- metrical!y; the extractioa methods are
!hose described above for aqueous and soil samples.

A detection him'it for synthetic crankcase oil cannot be determined; the detection
limit for specific components is expected to b- in the range of pg/L for aqueous
samples and lig/g for von-aqueous samples.
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APP0D{DJ 1

USEFUL HANDBOOKS, DATASOOKS, RESPONSE GUIDES
AND AIR FORCE DOCUMENIfS

A listing of useful handbooks, databooks and response guides, all reIliting to the
release of hazardous or toxic chemicals to the environiment, the properties and
hazards of the chemicals, initial responses to spills of such chemicals, or subsequent
remedial action follow. The contents of each publication is briefly described. The
following listing is not intended to be inclusive of all publications of this kind.
However, it is felt that the acquisition and central location of these reports (at key
Air Force offices) would provide a valuable resource.

* A Method for Determhingn the Comi~gtigilit of Hazardo~us Wastes

Authors: H. K. Hatayanma et al. (April 1980)

Available from: U.S. Environmental Protection Agency
Municipal Environmental Research Laboratory
Cincinnati. OH
(EPA Report No. EPA-60012-80-076)
(NTIS Report No. PB80-221005)'

Contents: Provides method and chart for defining compatibility of
various families of hazardous materials and wastes.

0 Acr.Udent Managemet Orientation Guide

Authors: D. K. Shaver et al. (October 1983)

Available from: Air Force Rocket Propulsion Laboratory
Air Force Svstems Command
Edwards Air Force Base
California 93523
(Report No. AFRPL-TR-82.075)

Contents: This document identifies guidelines for mitigating
hazards ass¶ociated -with an in-service railroad derailment or
a raiiroad yard accident involving hazardous materiaLs of

interest to the Air Force.
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Cabo Admdr Wstbern5 [or 1oxw Orrnics

Authors: R- A. Dobbs and J. MI. Cohen (April1 19&4)

Avai~abl#e from: U3.S. Environmental Protection Agency
Off=c of Research and Dtvelopment
Cincinnati, OH
(EPA Report Na. EPA-600A8-WOO2)

Contents: Provides detailed data on the effectiveniess of carbon for
removal of organic substances from water.

* b-ia Hjj.2ds 0f the W/orkplac

Authors: N. HL Proctor and J. P. Hughes (1978)

Available from: J. B. Uppincott Company
Philadelphia, PA

Contents: Provides data on the toxicological effezts of chem-
icals and suggests medicz! treatment protocols in more
detail than given elsewhere.

*CURBS Hazardous Cbem~cal Data

Author. U.S. Coast Guard (1985)

Available from: Surcrinteindent of Docum'ents
11.§. Government Printing Office
Washington, L.C. 20402
(Stock No. 05"~12-00147-2)

Contents: Provides a wide variety of data on more than 1000
hazardous mraterials when ordered with various addendurns.
A separate volume (Stock No. 050-012-00158-8) provides
graphs of temiperature dependent physical properties.
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0 Dangero,. Poprties of Industrial Material 7th edition

Author: N. I. Sax, ed. (1989)

Available from: Van Nostrand Reinhold
New York, NY

Contents: A wdll-imown handbook that provides a brief summary of
the toxicology and properties of numerouis hazardous
substances.

* DaneMus Propeties of Industrial MateiriA

Author: N. L Sax, ed. (bimonthly publication)

Available from: Van Nostrand Reinhold Company
New York, NY

Contents: Each bimonthly report provides detailed data on the
hazards and environmental effects of several chemicals.
Much of the data is from the EPA's Oil ard Hazardous
Materials-Technical Assistance Data System (OHM-TADS)
and similar sources.

* Em Mn Action Guides

Authors: P. C. Conlon and A. M. Mason, eds. (1984).

Available from: Bureau of Explosives
Association of American Railroads
1920 L Street N.W.
Washington, D.C. 20036

Contents: Provides detailed data and spill response information
on each of the 134 materials that comprise over 98, percent
of the hazardous commodities transported by rail in the
United Sttes.
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*Emmagnc Handlinff or Hazadous materials in Surface

Author: P. J. Student, ed. (1981),

Available from: Bureau of Explosives
Association of American. Railroads
1920 L Street N.W.
Washingto n, D.C. 20036

Contents: Pr'ovides brief spill respons.z recommendations for each
hazardous material regulated by the U.S'. Departme-nt of
Transportation.

* m om Re~

Author. Materials Transpo,-tation Bureau (1987)

Available fromt: U.S. Department of Transportation
Materials Transportationi Bureau
Attention: DMT-11
Washington, DC 20590
(P'ublication DOT P580.:)

Contents: A guide for initial actions to be taken by emergency
service personnel during hazardous material incidents.

0 Dim1z PMctiop Guiide on

A'ithor: National Fire Protection Association (1986)

Avcilable from: National Fire Protection Association
Batte'yrnarch Park
Quinicy, MA 02269

Contents: Flash Point Index of Trade Name liquids Fire Hazard
Properties of Flammable Liquids,' Gases, and Volatile
Solids (NFPA 325M) Hazardous Chemvicals Data (NFPA
49) Manual of Hazardous Chemicail Reactions
(N2FPA49I M)
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0 Omunwohater Conwrtinatiou Rcszxgnze Gud.Volume 1: Mctbodolo=y
Volume MI Desk Refr

Authors: J. H. Gumwa and W. J. Lyman (1983)

Available from: National Technical Information Service
Springfield, VA
(as U.S. Air Force Report ESL-TR-82-39)

or
Noyes Publications
Park Ridge, NJ
(under the title *Groundwater Contamination and
Emergency Response Guide* (1964))*

Contents: Provides an overview of ground-water hydrology and a
current technology review of equipment, methods, and
techniques used to investigate incidents of ground water
contamination by chemicals.

*Noyes Publications also contain a reproduction of thereport by A. S.
Donnigian, Jr. et al.: Rapid Assessmen, of Potential Ground-Water
Contimination Under Etaergencg Response Conditions, a 1983 report to the
U.S. Environmental Protection Agency.

0 Ground-Water HVmkroIO! Workbook

Authors: E.W. Artiglia and G.R. New (1984)

Available from: USAF Occupational and Environmental Health
Laboratory
Brooks AFB, TX 78235
(Report No. 84-168EQIlIDGB)

Contents: Summarizes introductory articles in grcund-water
hydrology of importance to base bioenvironmental
engineers involved with the IRP program.
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* Qudling tF binl TctProct-duru For TIe AnalAis of Pollutants Under
the aCan Water Ant. Appendix A.

Author. U.S. Environmental Protection Agency (1984)

Available from: Federal Register
Volume 49(209):43234
October 26, 1984

Contects: Methods for analysis of environmental samplcs.

Q Guidelinem for the Selection of CQemkca P.tektve Cothing

Authors: A.D. Schwope et at (1987)

Available from: U.S. Environmental Protection Agency
Washington, D.C.

Contents: Denotes compatibility of rubber and plastic clothing
materials with various chemicals; provides guidelines for
clothing selection and use.

* udelines for the Use of Cbemicas in Rcmvin. Hazardow
Substanwa Discim~c

Authors: C. K Akers, R. J. Pilie and J. G. Michalovic (1981)

Available from: U.S. Environmental Protection Agency

OWce of Research and Development
Cincianati, OH

(EPA Report No. EPA-6)0/2-81-205)

Contents: Report provides guidelines on the use of various
chemical and biological agents to mitigate discharges of
hazardous substances.
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* Handbook for Evating Rcmcda/l Action Tec!2lopy Plans

Authors: J. Ehrenfeld and J. Bass (1983)

Available from: US. Environmental Protection Agency
Office of Research and Development
Cincinnati, OH
(EPA Report No. EPA-600/1-83-076)

Contents: Provides information on over 50 remedial action
technologies for cleanup of chemically-contaminated sit

* Handbook cfO mical PRa Estirstion Methods

(subtitle: Environmental Behavior of Organic Compounds)-

Authors: W. . Lyman, W. F. Rechl, D. H. Rosenblatt, eds. (19)

AvaLable from: McGraw-HiU Book Co.
New York, NY

Contents: Provides estimation methods for (and discussion of) 26
environmentally-important properties of organic, chemica-s.

* Handbook of Eavironmntal Data on Ori O 2nd edition

Author: K. Verschueren (1983)

Available from: Van Nostrand Reinhold
Nev York, NY

Contents: Provides detailed property and environmental data on
numerous organic substances.
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0 Handbook of Toxic aUSd Hz s

Author: M. Sittig (1985)

Available from: Noyes Publications
Park Ridge, NJ

Contents: Discumes a wide range of topics for numerous chemicals,
with special emphasis on toxicology and protective

* Hmdow CheMica Data 2t'd edition

Author G. Weiss, ed. (1986)

Available from: Noyes Data Corporaticn
Park Ridge, NJ

Contents: Reproduction of data (physicochemical properties,
hazards, toxicity, etc.) related to chemical spill response
from (1) CHRIS Hazardous Chemical Data (1978) and (2)
Material Safety Data Sheets prepared by Oak Ridge
National Laboratory.

e Herbicide H~mtok 5th edition

Author:. Weed Science Society of America (1983)

Available from: Weed Science Society of America
309 West Clark Street
Champaign, IL 61820

Contents: Provides basic information on physiocochernical proper-
ties, uses, environmental fate, physiological and biochemical
behavior, and toxicological properties for most herbicides
in use (Previcus editions may cover out-of-use
herbicides.)

U"
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0 Manual for the Control of Hazardoum Matena Sil - VoL 1:
S Assessment and Water Tre.*a ý Ts gues

Authors: X.R. Huibrew.te et aL (November 1977)

Available frtm: U.S. Environmental Protection Agency
Office of Research and Development
QncinnatL, OH
(EPA Report No. EPA-60012.77.227)

Contents: Provides both general &nd specific information on
responding to spil1o of hazardous materials, particularly
those into water.

* Metthod to Treat Control and MonEitor Soifld HMa13

Authors: R.J. Pilie et al. (1975)

Available from: U.S. Environmental Protection Agency
Industrial Waste Treatment Rescarch Laboratory
Edison, NJ
(EPA Report No. EPA-670r2-75-042)

Contents: Special studies of selected chemical spill response
measures plus matrix of possible spill response measures
for 250 hazardous liquids.

* NIOSH Manual of Analytic" Methcwls. 3rd edition

Author. Peter M. Eller, ed. (1984)

Available from: Superintendent of Documents
U.S. Government Printing Office
Washington, D.C. 20402

Contents: Contains sampling and analytical methods for use in
industrial hygiene environmental monitoring.
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0 NIOSHtOSHA OcCu2ationL Health GUidelines for QC l Hazds

Authors: F. W. Mackison et aL, eds. (January 1981)

Available from: Superintendent of Dcuments
U.S. Government Printing Office
Washington, D.C. 20402
(DHHS (NIOSH) Publication No. 81-123)

Contents: Provides informatiou on todcology, chemical proper.
ties, first aid, and personal protective clothing and
equipment for many OSHA-regulated commodities.

0 y triaJ Hyiene and Td f v- VoL 2A.;

Authors: G.D. Clayton and F.E. Clayton, eds. (1981-1982)

Available from:" John Wiley & Sons
New York, NY

Contents: Provides Pextensive discussion of the properties and
toxicology of numerous cho~micals.

* e bmxW FVme Ha~ndbo

Authors: R. H. Perry and D. Green, eds. '(1984)

Available from: McGraw-Hill Book Company
New York, NY

Co-itents: Contains extensive data on the properties of chemicals
and on their compatibility with various materials of
construction (plus numerous other topics).
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• 1* Manual 7th editioa

Author. C. R. WorWing. ed. (1983)

Available from: British Crop Protection Council Publications
Worcestershire WR13 15LP
EN'GLAND

Contents: Provides a brief review of analysis, uses and toxicity of
chemical, and microbial agents used as active components
of pest-control products.

• Port Accident Procedures for Cbemicb And Prollant

I Interim Report for the Period 8/11/80 to 3/31/81 (September
1982) (Report No. AFRPL-TR-82-031)

. Interim Report for the Period 4181 to 1/82 (September 1982)
(Repo,-t No. AFRPL-TR-82-032)

- Guidelines Manual (January 1983) (Report No. AFRPL-TR-82-077)

Authors: D. K. Shaver ct al

Available from: Air Force Rocket Propulsion Laboratory
Air Force Systems Command
Edwards Air Force Base
California 93523

Contents: This is a series of manuals providing information and
data required to respond to spills of chemicaL and
propellants of special interest to the Air Force.
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0 Ou,.lity Qiteria for Wate

Author.. U.S. Environmental Protectiun Agency (July 1976)

Available from: Superintendent of Documents
U.S. Government Printing Office
Washington, DC. 20402
(Stock No. 055-001-01049-4)

Contents: This is EPA's well-known guide to water quality
criteria commonly referred to as the *redbook.

SREgr of Toxic Eff"cts of CQemicu, Substancc

Authors: R. L Tatken and R. J. Lewis, Sr., eds (June 1983)

Available from: Superintendent of Documents
U.S. Government Printing Office
Washington, DC. 20402
(DHHS [NIOSH] Publication 83-107)

Contents: Summarizes results of p.imarfly short-term
toxicological experiments for thousards of chemicals.

* Stwir Methods for the Ewamination of Wa &W Wtewtr,

15th edition

Authors: Arnold Greenberg et al., eds. (1985)

Available from: American Public Health Association
.1015 18th Street
W&shington, D.C.

Contents: Methods for analysis of environmental samples.

....

I I i
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RcgUjtioru. FW-FCA n Amended 1972

Author. U.S. Enviromental Protecuon Ageniu- (November 1975)

Available firom: U.S. Environmental Protection Agency
Office o( Water Planning and Standards
Washicgton, D.C. 2046

Contents: Discuswe the environmental effects of numerous water
pollutants.

* Tat Mexb-o*s for En~uagtin solid Waste-PRwical Q~Micq
M 3rd edition

Author U.S. Environmental Protection Ageacy (1987)

Available from: Superintendent of Documents
U.S. Government Printing Offic
Washington, D.C 20460
(Report No. SW-84)

Contents: Methods for analysis of environmiental samples.

e* 7 flYEThreboW Limit VAties; for aQemic Subnaance And Ph32ca
Amsi the Work am~ am Hiogncaj &J&BWJp

witcnkgydd Chauicm for 15q7-196

Author: American Conference of Governmental Industrial
Hygienists (1987)

Available from: American Conference of Governmental Industrial
Hygienists
6500 Gleaway Ave., Bldg. D-5
Cincinnati, OH 43211

Contents: This booklet (or the latest version of it) presents
recommended exposure limits for airborne concentrations
of toxic materials in the working environment.
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* Touicokoy of the Eve

Author. W. M. Giant (1986)

Available from: Charles C. Thoras - Publisbcr
Springfield, IL

Contents: An excellent source of information on the effects of
numerous chemicals and other substances on the eyes.

Author: USAF Occupational and Environmental Health Laboratory
(January 1982)

Available from: USAF Occupational and Environmental Health
Laboratory
Brooks AFB, TX 7M235
(Lrmited Distribution)

Contents: Outlines standardized sampling procedures with
appropriate collection and preservation techniques for
submission oi samples to USAF OEHL for analysis.

0 Water-Related Environmental Fate of 129 Priority PoMutants (2 volumes)

Authors: M. A. Callahan et aL (December 1979)

Available from: U.S. Environmental Protection Agency
Washington, D.C.

(EPA Report No. EPA-440/4-79-029a and -029b)
(NTIS No. PB80-204373 and PB80-204381)

Contents: Individual chapters address the fate of priority
pollutants in the environment.

•:,._ _ _ , _ . •:•: , . . ... 1•
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PERTINENT AIR FORCE PUBLICATIONS FOR THE
US"A INSTALLATJON RESTORATION PROGRAM

COMMENT
PUBLICATION

AT-R ,,61-8 Establishes USAF permissible exposure limits for chemical
substances.

AFR 161-17 Establishes USAF OEHL consultant services in Environmental
Engineering, Industrial Hygiene, Occupational Health, Radiation
Protection, and Analytical Chemistry.

AFR 161-44 Establishes USAF drinking water standards for common
contAminants. For the most part, these are the same as the
National Primary and Secondary Drinking Water Standards.

AFR 19-1 Establishes the USAF Environmental Protection Program.
AFR 19.7 Establishes responsbilities for environmental monitoring for Air

Force installations. This regulation defines the roles of the Civil
Engineer, the Bioenvironmental Engineer, and others with respect
to environmental pollution monitoring.

DEQPPM 80-8 DoD implementation of RCRA.

DEQPPM 80-9 DoD guidance on the proper handling, storage, and
disposal of PCB and PCB items.

DEQPPM 81-5 DoD guidance on the Installation Restoration Program to identify
and evaluate past DoD hazardous material disposal sites on DoD
installations and control migration from such sites.

EO 1208 Requires federal compliance with applicable federal, state, and
local pellution control standards (procedural and submtantiative)
the same as any other industry or private person.

GWMR Quarterly publication on ground-water monitoring remedial
actions. Presents technical articles on contaminant transport,
analytical methods, sampling methodoiogy, and data interpr.-tation.

IRPMC Establishes the management concept for the IRP Phase II
program.

LEEV LTR Policy letters formulated by USAF HQ/LEEV.
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NCP ~ Establishes procedures for respons to potential for confirmed
contamination of our nation.
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APPENDIX 2

US. AIR FORCE POITfS OF CONTACT FOR THE
INSTAUATION RESTORATION PROGRAM

6 Mr. Gary D. Vest
Maj. Patrick T. Fmrk
SAF/MIQ
Washington, D.C. 20330-5000
AV 227-9297
Commercial: (202) 696-9297

Office of the Assistant Secrzetary of the Air Force
Deputy for Environment and Safety

Responsile for overall Air Force IRP guidance.

IRP GROUP

* Maj. Scott L Smith, Branch Chief
AV 297-0275
Responsible for IRP engineering policy formulation.

' Maj. Roy K. Soloman
AV 297-0275
Responsible for Environmental Compliance Assessment and
Management Program (ECAMP), Environmental Protcction Committee,
and IRP implementation.

* Col. Raymond A. Malinovsky
Chief, Environmental Quality Division
Director of Engineering and Services
HQ USAF/LEEV
Bolling Air Force Base
Washington, DC 20332-5000

* Capt. Gerald L Hromoiwyk
AV 297-0275
Responwitie for spill policy and management information systems.

0 Capt. Charles M. Groover
AV 297-0275.
Responsible for unerground storage tanks and training.

0 Mr. Earl E. Kneeling
AV 297-4174
Responsible for Defense Environmental Restoration Program policy.
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Mr. Jeffery J. Short
AV 297-0275
Responsible for Third Party Sites.

* CoL Thayer J. Lewis, Chief
Bioenvironmental Engineering
HQ USAF/SGPA
Bolling AFB, DC 20332-6188
AV 297-1737
Commercial: (202) 767-1737

0 t. Col. Edward W. Artiglia
AV 297-1738
Responsible for IPR medical service policy formulation.

0 CoL Frank P. Gallagh,•r
HQ AFESC/RDV
Tyndall AFB, FL 32403-6001
AV 970-2097/2098
Commercial: (904) 283-2097/.098

USAF Engineering and Services Center
Engineering and Services Laboratory
Environics Division

Responsible for IRP engineering research and development.

* Mr. Emile Y. Baladi
USAF OEHLUS
r.ooks AFB, TX 78235-5000

AV 240-2158/2159
Commercial: (512) 536-2158/2159

USAF Occupational a•id Environmental Health Laboratory Technical
Services Division

Responsiible for IRP Phase II technical program management.
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0 Dr. Jeffrey W. Fisher
AAM3RL7/1A
Wright-Pstterson AFB, OH 45433-6573
AV 785-2704
Commercial: (513) 255-2704

Harry 0. Armstrong Aerospace Medical Research Laboratory Toxic Hazards
Division

Responsible for WR1 health effects research.

* LL. COL Stanley 0. Hewins
USAF OEHIJECO
Brooks AFB, TX 78235-5000
AV 240-2063
Commercial: (512) 536-2.263

USAF Occupational and Environmental Health Laboratory Consultant
Services Division
Environmental Health Branch

Responsmble for Toxicology Consultant Service.

0 Major Air Command Bioenvironmenimal Engineers
See latest edition of the 'Worldwide Listing of Bioenvironmental
Engineering and Environmental Health Personnel."

Responsible for implementing IRP policy and management decisions and
coordinating with state/local regulatory agencies.
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APPENDIX 3

MATH, CONVERSIONS AND EQUIVALENTS

0 -Ckubton of Air WN Convwrsion Fator

One liter of air at 25 C (298.16 'K) contains:

(I sim)(I liter) - 0.040874 moles of gas.
.0821 liter stmlmole)(29.16 °K)

Hence, one liter of air contains:

MW x 10' x 0.04W874 grams of a contaminant at I ppm.

This is the same as saying I m' of air contains:

MW x 0.040874 mg of a contaminant at I ppm.

For example, chloroform has a MW of 119.39. Thus,

1 ppm - 119.39 x 0.040874 • 4.88 mg/m3 at 25C.

0 Qnwnion for Solutes in Watr

I mg/L v I ppm (by weight).

* Cmnvron of Percent in Foo-d Water or Air to Parts Per Million

X% .X parts per 10 parts

X (10')-= ppm.

0 Conversion of Farts Per Miion im fod or Water to m9ft bWdz

Since. both food intake and body weight vary with age (and some times, with
treatment), there is no single factor that precisely ctnverta parts rer midlion (ppm) in
food or water to mg/kg body weight/day. However, by assumitig 100% abKorp:ion and
adopting a set of standard values for each species for daily food, water and air intake
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and average body we;ght, one can convert a ppm dosage level, within reasonab!e
limits, to mg/kg bw/day for the sake of comparisons.

The following standard body weights and intake values were used to convert
dietary or respiratory intakes to estimated daily dose rate:

Food Approximate Minute
Body Wei~ht Consumption Water Intake Voiurme

(kg) (g/day) (midday) (mJimin)

Human 70 700 2000 7.4 x

Mouse 0.025 3 4.5 2.3 x10r,

Rat 0.3 15 20 1.0 x1()4

Monkey 5 250 500 8.6 x

Rabbit 2 60 330 1.1 x

Do$ 10 250 50 5.2X

Guine pig 0.5 30 85 1.6 10"4

For example, at a dietary concentration of 1 ppm of Chemical X, an average
adult mouse would consume 3 g of food per day or 0.12 mg of Chemical X/kg
bw/day. This value was calculated as follows:

Intake (mg/kg bw/day) = food consumption (g/day) x dietary concentration

(ppm) x lg/lO' g diet x 1000 mg/g x 1/bw (kg).

0 Calculation of Res•i•atolr Uptake

Uptake (mg) = Concentration (mg/mi) x minute volume (m'/min) x
retention factor (assume 1.0 u, nless value is
known) x time (minutes).

0 Tempm tx2atre o-ion

The formulas given below were used to convert temperatures from

one scale to another.

To convert temperatures given in Celsius to Fahrenheit:

"OF 9/5 (°C) + 32

To convert temperatures given in Fahrenheit to Celsius:

"C 5/9 ( F- 32)
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APPENDIX 4//

STATE WATER QUALITY AGENCIES AND CONTACTS

•A1bame Arizna

Department of Environmental Department of Environmenta,
Management Quality

Water Division 2005 North Central
1751 Dickinson Drive Room 300
Montgomery, AL 36130 Phoenix, AZ 85004
(205) 271-7823 (602) 257-2333
Chaues Horn Dave Woodruff

Ala ka

Department of Environmental Department of Pollution
Conservation Control & Ecology

Water Quality Water Quality Divisica
Management Section P.O. Box 9583

3601 C Street Little Rock, AR 72219
Suite 1334 (501) 562-7444
Anchorage, AK 99503 Bill Keith
(907) 563-6529
Bill Ashton Department of Health

Drinking Water Office
Department of Environmental 4815 West Markham
Conservation Little Rock, AR 72205

Wastewatcr & (501) 661.2623
Water Trestment Section Bob Macon

P.O.Box 0
Juneau, AK 99811 California
(907) 465-2653
Charlene Denys Water Resources Control

board
Arizona Division of Water Quality

901 P Street
Department of Environmental Sacramento. CA 95814
Quality (916) 322-0212

Safe Drinking Water Unit Jessica Lacy/Fred La Caro
2655 East Magnolia
Phoenix, AZ 85034
(602) 257-2214

Phoenix. A 853



A-23 APPENDIX

Caifo~rnia Connwcicut

Departmcnt of Health Services Department of Environmental
Public Water Supply Branch Protection
2131 Berkeley Way Division of Environmental
Berkeley, CA 94704 Quality
(916) 323-1670/(415) 340-2172 122 Washington Street
Nadine Felettol David Spath Harnford, cr 06106

(203) 566-7049
ColoradJim Murphy

EPA Regional Office Department of Environmental
(Region 8) Protection

999 18th Street Division of Environmental
Suite 500 Quality
Denver Place 8.WM-SP 122 Washington Street
Denver, CO 80202-2405 Hartford,ý Cr' 06106
(303) 293-1586/FIS 564-1586 (203) 566-2496
Bill Wuerthel Robert Hartman

EPA Regional Office Delaware
(Region 8)
Drinking Water Department of Health Services
999 18th Street Drinking Water Office
Suite 500 P.O. Box 637
Denver Place 8WM-DW Dover, DE 19903
Denver, CO 90202-2405 (302) 736-4731
.(303) 293-1831 Jane Lane/Richard Howell
Marti Swicker

Department of Natural
Connecicut Resources

Water Quality Section
State Department of Health 89 Kings Hwy.
Services P.O. Box 1401

Water Supply Section Dover, DE 19903
150 Washington Street (3(Y2) 736-4590
Hartford, CT 06106 John Davis,
(203) 566-1253
Henry Unk/Steven Mewsr
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Dtn~rct of olumbia .

Department of Consumer Department of Naturaland Regulatory Affairs Resources,
Water Quality Section 205 Butler SL, SE5010 Overlook Ave. SW Suite 1058Washington DC 20032 Atlanta, GA 30334
(202) 767-7370Jim Collier (404) &54-4706

Randy Durham

US Army Corp. Engineers Department of NaturalWashington Aqueduct Resources
Division Drinking Water Program

5900 MacArthur Blvd. NW 205 Butler St., SE
Washington DC 20315-0220 Suite 1066
(202) 282-2741 East Tower
Donald Behaven Atlanta, GA 30334

(404) 656-5660f krsa Fred Lehman

Department of Environmental
Regulation

2600 Blair Stone Road Department of HealthTwin Towers Bldg. Safe Drinking WaterTallahassee, FL 32399-2400 Branch(904) 487-1779/(904) 487-0505 P.O. Box 3378John Labie Honolulu, HI 96801-9984(808) 54&.2235Department of Environmental Clin MosakdTbm Arizurni

Regulation
2600 Blair Stone Road Environmental PlanningTwin Towers Bldg. OfficeTallahassee, FL 32399-2400 Depariment of Health
(904) 488-0780 P.O. Box 3378Bruce Do Grove Honolulu, HI 96801-9984

(808) 548-6767Department or Environmental Mary Rose Teves
Regulation

2600 Blair Stone Road
Twin Towers Bldg.
Tallahassee, FL 32399-2400
(904) 487-1762
Mike Weatherington/ Kent
Kimes

'7-
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IdahoIndiana

Adminstrative Procedure Department of Environmental
Section Management

Department of Health & Water Quality Section
Welfare 105 South Meridian Street

450 West State Street Indianapolis, IN 46204
3rd Floor (317) 243-5116
Boise, ID 83720 Neal Parke
(208) 334-5559
LiU Nesmith Department of Enviroumental

Management
m Public Water Supply Section

105 South Meridian Street
Division of Environmental Indianapolis, IN 46204
Health (317) 243-5068

525 West Jefferson Rick Miranda
Sp~ingfield, IL 62761
(217) 782-5830
Blaine Palm/Dave Antonazm

Department of Natural
Illinois Environmental Resources
Protection Agency Wallace State Bldg.

2200 Churchill Road 900 East Grande Ave.
Springfield, IL 62706 Des Moines, IA 50319
(217) 782-1654 (515) 281-8869
Bob Mosher Derril McAllisier

Environmental Protection
Agency

Division of Public Department of Health &
Water Supply Environment

2200 Churchill Road Nonpoint Source Section
Springfield, IL 62706 Bureau of Environmental
(217) 782-1724 Quality
Roger Sclberg Forbesfield Bldg. 740

Topeka. KS 66620
(913) 862-9360/(913) 296-5565
Don Snethen

State Board of Health
Drinking Water Section
1330 West Michigen Street
P.O. Box 1964
Inda:apolis, IN 46206-1964
(317) 033-8400
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Department of Environmental Department of Environmental
Protection Protection

Division of Water State House Station 17
18 Reilky Road Augusta, ME 04333Frankfort, KY 40601 (207) 289-7841
'(502) 564-3410 Louise Berube
Robert Ware

Division of HealthDepartment of Health EngineeringServicesState House Station 10 :
Drinking Water Section AtHust ion 0
18 Reilly Road Augusta, ME 04333

(207) 289-3826/(207) 289-5685Frankfort, KY 40601 Carlton Gardner
(502) 564-3410
John Smither Departme&t of Human Services

Bureau of HealthLouisiana 157 Capitol Street
State House Station 11Department of Environmental Augusta, ME 04333

QualityAuutM 043
,O uice of Wt er R eso u(20 7) 289 -5378
Offi:e of Water Resources Robert Frakes, State9th Floor Toxicologist
P.O. Box 44091
Baton Rouge, LA 70804-A091
(504) 342-6363
Dugan Sabins Department of the

Environment
Water Management
AdministrationDepartment of Health & 2500 Broening Hwy.Hospitals Baltimore, MD 21224

OfTice of Public Health (301) 631-3603 3P.O. Box 60630 Mary Jo Garries
Room 403
New Orleans. LA 70160 Department of the
(5C4) 568-5100 Environment
Jay Ray 2500 Broening Hwy.

Baltimore, MD 21224
(301) 631-3702
Zora Isaci
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Mssachuse tt Minnesot /

Deplrtment of Environmental Pollution Control Agency
Protectiou D-wision of Water Quality Divition
Water Pollution Control 520 Lafayette Road

I Winter Street St. Paul, MN 55155
Boston, MA 02108 (612) 296-7255
(617) 292-5655 David Maschwitz
Judy Perry

Bureau of Health Protection
Water Quality Criteria Environmental Health Division
Technical Services Branch Health Risk Assessment
Wc~tiew B'dg. 717 Delaware Street SE
Lyman School Minneapolis, MN 55414
Westborough, MA 01581 (612) 623-5352/(612) 623-5325
(508) 366-9181 David Gray/Larry Gust
Wsrren Kimball

Mississi22i
Department of Environmental
Protection Department of Environmental

Westview Bldg. Quality
Lyman School Bureau nf Pollution
Westborough, MA 01581 Control
(617) 292-5770 P.O. Box 10385

Jackson. MS 39289-0385Mcia (601) 961-5171
Randy Reed/Robert Seysarth

Department of Natural
Resources Department of Hpalth

Permit Section Division of Water Supply
Mason Bldg. P.O. Box 1700
8th Floor Jackson, MS 39215-1700
P.O.. Box 3(028 (601) 960-7518
Lansing, Mi 4-8909 Lelon May
(517) 373-1982
Gary Boerset Missouri

Department of Public Department of Natural
Health Resources

Division of, Water Supply Water Pollution
3500 North Logan Control Program
P.O. Box 30035 Water Quality Section
Lansing, Ml 48909 P.O. Box 176
(517) 335-9216 Jefferson City, MO 65102
John Bloemker (314) 751-5626
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Department of Natural DearResources Department of Conservation& Natural ResourcesPublic Drinking 
Water Pollution SectionWater Program 201 South Fall StreetP.O. P,,ox 176 Canon City, NV 89710Jefferson City, MO 65102 (702) t'85-4670

(314) 751-5331 Shannon Bell
W'diliam Prie

Department of Human
t Resources Division ofHealth

Department of Health & 505 East King StreetEnvironmental Sciences Room a03'Water Quality Bureau Roo tyV 9
Cogsell ldg.Cano City, NV 89710Co e Bldg. (702) 8854750Room A206 Larry Roundtree

Hek'na, MT 59620r
(406) 444-2406 New Hampshire

Nebraska Department of Environmental
Services Supply & PollutionState Department of Control DivisionHealth P.O. Box 95Drinking Water Section Hazen Drive301 Centennial Mall South Concord, NH 03301P.O. Box 95W0o7PLOBol, 9 6500 9 (603) 271-3503

Lincoln, NE 6850 Bob Baczynsky(4Q2) 471-2541BoBayny(402) 4Department 
of Public

State Department of Health ServicesHealth Piblic Hn
Water Quallty Section Division ofWate QulitySecionPublic Health Drinking Water
301 Centennial Mall South 6 Hazen DriveP.O. Box 95007 Concord, NH 03301Lincoln, NE 68509 (603) 271-2951(402) 171-2186 

Richard Vane

[
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New Je New York

Department of Environmental Department of Environmental
Protection Conservation

Division of Water Resources Bureau of Water Quality
CN-M29 Management
401 East State Street Room 201
Trenton, NJ 08625 50 Wolf Road
(609) 633-7020 Albany, NY 12233-3508
Daniel J. Van Abs (518) 457-3656

John Zambrano, P_.
Department of Environmental
Protection Department of Health

Division of Water Bureau of Public. Water
Resources Supply Protection

401 East State Street Drinking Water Section
Trenton, NJ 08625-CN#029 2 University Place
(609) 292-5550 Western Ave.
Barker Hanill/G. Butt Albany, NY 12203

(518) 458-6731
New Mexico .Ronald Entringer

Environmental Improvement North, Carolina
Division Surface Water Quality
Bureau NRCD-DEM

1190 SL Francis Drive Water Quality Section
Santa Fe, NM 87503 P.O. Box 27687
(505) 827-2822=(505) 827-2814 Raleigh, NC 27611
David F. Tague/Steve Pierce (919) 733-5083

Gregory Thorpe
Environmental Improvement
Division Ground Water Department of Enviror.nmental
Section Health & Natural Resources

1190 St. Francis Drive Division of Environmental
Santa Fe, NM 87503 Health & Public Water Supply
(505) 827-2900 P.O. Box 2091
-Ernest C. Rebuck Raleigh, NC 27602-2091

(919) 733-2321
Jerry Parkings
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Norh Dakota rgn
Department of Health & State Division of HealthConsolidated Laboratories Department of Human,
Division of Water Supply Resources1200 Missouri Ave. Drinking Water DivisionP.O. Box 5520 P.O. Box 231Bismarck, ND 58502-5520 Portland, OR 97207
(701) 224-2354 (503) 229-5784

O-hio ' Public Wat.r Supply

Department of EnvironmentalEnvironmental Protection QualityAgency 811 Southwest 6th Ave.Division of Public Portland, OR 97204
Dr;-king Water (503) 229-52791800 Water Mark Drive Ed Quan

P.O. Box 1048
Columbus, Ohio 43266
(614) 644-2752/(614) 644-2115
Kurt Ridenour/Mary Cavin Department of Environmental

Resources
Environmental Protection Bureau of WaterAgency Division of Water Quality Management
Quality Monitoring & Fulton Bldg.Assessment P.O. Box 20631800 Water Mark Drive Harrisburg, PA 17120
P.O. Box 1048 (717) 787-9637
Columbus, Ohio 43266 Dennis Lee
(614) 644-2856

Department of EnvironmentalOklahoma Resources
P.O. Box 2357State Department of Health Executive House

Environmental Health Services 2nd. & Chesnut StreetResearch & St.andards Section CEC Division of Water1000 North East 10th Street SuppliesP.O. Box 53551 Harrisburg, PA 17120Oklahoma City, OK 73152 (717) 783.3795
(405) 271-7352
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Rhode Island Tennessee

Department of Health Department of Health &
Division of Drinking Environment
Water Quality Bureau of Environmental

Room 209 Health Services
.r~ovidenc, RI 02908-5097 150 9th Ave. North

(401) 277-6867/(401) 277-3961 Nashville, TN 37219-5404
June Swallow (615) 741-7883

Phil Simmons
Rhode Island

Department of' Public Health
State of Providence Bureau of Environmental
Plantations Health Services Division

Department of Health of Water Qualty Control
Cannon Bldg. 150 9th Ave. North
3 Capitol Hill Nashville, TN 37219-5404
Providence, RI 02908-5097 (615) 741-3111
(401) 27/7-6867

South Carolina
Texas Water Commission

Department of Health & Water Quality Division
Environmental Control Capitol Station

Bureau of Water Pollution P.O. Box 13087
Control Austin, TX 78711-3087

2600 Bull Street (512) 463-8475
Columbia, SC 29201 Jim Davenport
(803) 734-5227

Department of Health
Department of Health & Division of Water
Environmental Control Hygiene

"a Bureau of Water Supply 1100 West 49th Street
Drinking Water Section Austin, TX 78756-3199
2600 Bull Street (512) 458-7497/(615) 458-7271
Columbia, SC 29201 Jack Shultz
(803) 734-5310

South Dakota

Department of Water &
Natural Resources

Water Quality
523 East Capitol
Room 217

Pierre, SD 57501-3181
(605) 773-3351



APPENDIX 
A-32

Utah Virginia

Divisioa of Environmental Department of HealthHeal'h Division of Water Supply
Bw.eau of Water EngineeringPollution Control 109 Governor Street288 North Room 924
1460 West Richmond, VA 23219
Salt Lake City, UT 84116-0690 (804) 786-5566
(801) 538-6146 Evans Massie
Mike Hearkimmer/Reed
Obemndorler Water Control Board

Office of EnvironmentalDivision of Environmental Research & StandardsHealth 2111 North Hamilton StreetB.eau of Public Richmond, VA 23230Water Supply (804) 367-6699/(804) 367-0384288 North Mary Reid/Richard Ayres
1460 Wcst
Salt Lake City, UT 84116-0690 WashinXton
(801) 538-6840
Dan Blake Environmental Health Program

V nMS LJD-11Olympia, WA 98504
(206) 753-5953

Department of Water Bill Liethy/Peggy Johnson
Rsources
Natural Resources Department of EcologyAgency Water Quality ProgramWater Quality Section MS PV-1 I
103 South Main Street Olympia, WA 98504
Waterbury, VT 05676 p(206) 438W7085
(802) 244-5638 Ed Rasch

Department of Health
Division of Environmental
Health Drinking Water
Office

60 Main Street
P.O. Box 70
Burlington, VT 05402
(802) 863-7225
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West Viryinia Wisconsin

Department of Health Department of Natural
Environmental Engineering Resources.
Division Bureau of Water

1900 Kanawha Blvd. East Resources Manage ent
Bldg. 3, Room 554 Surface Water Stan ards
Charleston, WV 25305 P.O. Box 7921
(304) 348-2981 Madison, WI 5370n
Donald Cuntz/Bob Paul (608) 266-0156

Duane Schuettpelz'J ohn
Water Resources Board Sullivan
1260 Greenbriar Street
Charleston, WV 25311 Department of Natural
(304) 34&-4002 Resources
Jan Taylor Bureau of Water S pply

P.O. Box 7921
Wisonsin Madison, WI 53701

(608) 267-7651/(608: 266-2299
Department of Natural Robert KriU/Robert Banminster
Resources

Bureau of Water MYwming
Resources Management

Ground Water Standards Department of En ,onmental
P.O. Box 7921 Quality
Madison, WI 53707 Water Quality Divis on
(608) 266-9265 Herschler Bldg.
David Lindorff 4th Floor West

122 West 25th Street
Cheyenne, WY 82.
(307) 777.7087
Robert Stites
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INDEX I

CUMULATIVE CROSS INDEX OF CHEWi4CAL, COMMON AND TRIVIAL NAMES

The order of chemical, common and tivial names included in this index is strictly
alphabetical; numerical and PIphabetical prefixes signifying positions in a chemical name
or stereochemistry have been ignored.

Acetone
See Chapter 40.

Acetylene tetrachloride
See 1,1,2,2-Tetrachloroethane, Chapter 11.

Acetylene trichioride
See Trichioroethylene, Chapter 16.

Agrotect
See 2,4-D, Chapter 60.

Aroclor6
See Chapter 52.

Automotive gasoline
See Chapter 65.

BBP
See Butyl benzyl phthalate, Chapter 46.

Benzene
See Chapter 18.

Benzene chloride
See Chlorobenzene, Chapter 24.

I ,2-Benzenedicarboxylic acid, '-is (2-ethylhexyl) ester
See Di(2--ethylhexyi'phtlhalIate, Chapter 31.

1,2-Benzenedicarboxvlic acid, butyl phenylmethyl ester
See Butyl benzyl phthalate, Chapter 46.

1,2-Berizenedicarboxylic acid, dibutyl ester
See Di-n-butyl phthalate, Chapter 30.

o-Bciizenedicarboxylic acid, diethyl ester
See Diethyl phthalate, Chapter 29.
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1,2-Benzenedicarboxylic acid, diethyl ester
See. Diethyl phthalate, Chapter 29.

Benzenol
See Phenol, Chapter 36.

Benzin
Stz Automotive gasoline, Chapter 65.

Benzol
See Bcnzere, Chapter 18.

Benzole
See Benzene, Chapter 18

Benzyl butyl phthalate
See Butyl benzyl phthalate, Chapter 46.

Bis(2-cbloroethyl)ether
See Chapter 33.

Bis(2-ethylhexyl)phthalate
See Di(2-ethylhexyl)phthalate, Chapter 31.

Bromiochloronmethane
See Chapter 4.

Bunktr C oil
See Fuel oils, Chapter 66.

Butanedioic acid,4(dimethoxyphosphinothioyl)-thio]., dicthyl ester
See Malathion, Chapter 50.

2-Butanone
See Methyl ethyl ketone, Chapter 41,

Butyl benzyl phthalate
See Chapter 46.

Butyl phthalate
See Di-n-butyl phthalate, Chapter 30.

Carbolic acid
See Phenol, Chapter 36.
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Carbon chloride
See Carbon tetrachloride, Chapter 6.

Carbon dichloride
See Tetrachlorocthylene, Chapter 17.

Carbon oil
See Benzene, Chapter 1&

Carbon tetrachloride
,See Chapter 6.

CArbophos
See Malathion, Chapter 50.

CBM
See Bromochloromethane, Chapter 44.

CDBM
See dibromochloromethane, Chapter 3.

Chlordane
See Chapter 48.

Chlorinated hydrochloric ether
See 1,1-Dichloroethane, Chapter 8.

Chlorobenzene
See Chapter 24.

Chlorobenzol
See Chlorobenzene, Chapter 24.

Chlorobromomethane
See Bromochloromethane, Chapter 44.

Chlorodibromomethanm
See Dibromochloromethane, Chapter 3.

Chlorodiphenyl (41% CL1)
See Aroclor M 1016, Chapter 52.

Chlorodiphenyl (42% Cl)
See Aroclor® 1242, Chapter 52.

Chlorodiphenyl (54% Cl)
See Arocior® 12.54, Chapter 52.

7'- "y .
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Chlorodiphenyl (60% CI)
See Aroclor@ 1260, Chapter 52.

Chloroethane
See Chapter 7.

Chioroethene
See Vinyl chloride, Chapter 13.

Chloroethylene
See Vinyl chloride, Chapter 13.

2-Chloroethyl ether
See Bis(2-chloroethyl)ether, Chapter 33.

Chloroform
See Chapter 4

2-Chloro-l-hydroxybenzene
See o-Chlorophenol, Chapter 37.

Chloromethyl bromide
See Bromochloromethane, Chapter 44.

Ch'orophen
See Pentachlorophenol, Chapter 39.

o.Chlorophenol
See Chapter 37.

2.Chlorophenol
See o-Chlorophenol, Chapter 37.

p-Chloropheny! chloride
See 1,4-Dichlorobenzene, Chapter 27.

Chlorothene
See 1,1,1-Trichloroethane, Chapter 10.

Chromate of soda
See Sodium chromate, Chapter 53.

Chromic acid, disodium salt
See Sodium chromate, Chapter 53.
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Clophen A60
See Arocknr* 1260, Chapter 52.

Coal naphtha
See Benzene, Chapter M8

Coal oil
See Fuel oils, Chapter 66.

CP-27
See Chlorobenzene, Chapter 24.

Cyanide
See Chapter 56.

Cyanide anion
See Cyanide, Chapter 56.

Cyanide ion
See Cyanide, Chapter 56.

Cyclohexane, l.2 3.4,5,6 -hexachloro, gamma isomer
See Lindane, Chapter 47.

Z4-D
See Chapter 60.

DBP
See Di-n-butyl phthalate, Chapter 30.

DCB
See 1.2-Dichlorobenzene, Chapter 25.

1,I-DCE-
See Il-Dichloroethylene, Chapter 14.

DCEE
See Bis(2-chlorocthyl)ether, Chapter 33.

DCM
See Methylene chloride, Chapter 1.

DDD
See '--hapter 58.

DDE
See Chapter 59.
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DDT
See Chapter 57.

DEHP
See D$(2-ethyihexyl)pbthalate,,Chapter 31.

DEP
See Diethyl phthalate, Chapter 29.

Diamide
See Hydrazine, Chapter 55.

Diamine
See Hydrazine, Cliapter 55.

Diazide
See Chapter 51.

Diazrinong
See Chapter 51.

Dibromnochloromethanc
See Chapter 3.

See Ethyiene dibromide, Chapter 45.

Dibroniomcthane
SeeChapter 2

Dibromonionochloromethane
See Dibromochloromethane, Chapter 3.

Dibutyl- 1 2-benizene dicarboxylate
See Di-n-butyl phbthalate, Chapter 30.

Dibutyl phthalate
See Di-n-butyl phthalate, Chapter 30.

m-Dichlorobenzene
See 1,3-Dichlorobenzene, Chapter 26.

o-Dichlorobenzene
See I,2-Dichlorobenzere, Chapter 25.
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p-Dichlorobenzcefl

See I,4-Dichlorobenzo~ne, Chapter 27.

1,2-Dichlorobenzene
See Chapter 25.

1,3-Dichlorobenzene
See Chapter 26.

1,4-Dichlorobenzcne
See Chapter 27.

m-Dichiorobenzol
See 1,3-Dichioroberizene, Chapter 26.

o-Dicblorobenzol
See 1,2-Dichlorobenzene, Chapter 25.

* p-Dichlorobenzol
See 1,4-Dichlorobenzene, Chapter 27.

Dichiorochlordene
See Chlordane, Chaptcr 48.

Dichloro-2,2-dichloroethane
See 1,1.,Z2-Teirachioroethane. Chapter 11.

Dichlorodiphenyldich!oroethane
See DDE'. Chapter A&

Dichlorod~dphenyidichlo-octhylene
See DDE, Chapter 59.

1,1-Dichloroo-thanc
See Chapter &.

1,2-Dichlorotethane
See Chapter 9.

cis- 1,2-Dichloroethene
See Cis-1,2-Dichlorojethylene, Chapter 15.

trans- 1,2-Dichloroctheiie
See trans- 1,2-Dichldroethylene. Chapter 15.K

I .2-Dichloro-(E)-.ýthce~i
let tr~a,--1,2-Dichloroethylene, Chapter 15.

________________.,~. "7
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1,1-Dich~roethe'ne
See 1,1-Dichloroethylenc, Chapter 14.

1,I'-(Dichioroetbenylidene)bis(4-.chorobenzene)
See DDE, Chapter 59.

,Dichioroether
See Bis(2-chloroethyl)ether, Chapter 33.

1,1-Dichlorocthylene
See Chapter 14.

cus-I,2-Dicbloraethylene '
Set; Chapter 15.

trnws.1,2-Dichloroethylene
See Chapter 15.

Dichioroethyl ether
See Bis(2-chloroethyl)ether, Chapter 33.

syrn-Dichloroethyl ether
See Bis(2-chloroethyl)ether, Chapter 33.

1,1 '-(2,2-Dichloroethylidene)bis(4-chlorobcnzene)
See DDID, Chapter'58.

Dichioromethane
See Methylene chloride, Chapter 1.

Dichlorornethylmethane
See 1,1-Dichioroethane, Chapter 8.

2,6-Dichlorophenol
See Chapter 38

2,4-Dichiorophenoxyacetic acid
See 2,4-D, Chapter 60.

alpha, beta-Dichioropropane
See 1,2 Dichloropropane, Chapter 12.

1,2-Dichloropropane
See'Chapter 12.
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I,2-Dichjoro-(zy-cthcne
See cis- l,2.Dichloroethylene, Chapte Is.

Dicotox
See Z4-D, Chapter 60.

Diesel oin
See Fuel oils, chapter6.

Dieuel oil (light)

Sfe Fuel oils. Chapter 66.

Diesel oil (medium)
See Fuel oils, Chapter 66.

Dicihy! phtbalatc
See Chapter 29.

Diethyl-o-phtbafate
See Diethyl phthalate, Chapter 29.

'Dirnethylbenzent,

See Xylene, Chapter 21.

Dimethyl ketone
See Acetone, Chapter 40.

Dimethylnitrosamine
See N-Niircsoditnethylamine, Chapter 34. *2Z4-Dimcthvlphenoi

See Chapter 22.
4.6-Diniethylphenol

See Z4-Dinaethylphenol, Chapter 22.

Dimpylate
See Diazinong, Chapter 51.

Di-n-butyl phthalate
See Chapter 30.

2,6-Diriitrotoluene
See Chapter 2.3.

Dioxin
See 2,3, 7,8-Tetrachlorodibenzo-P-ioxiný Chapter 63.
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Diphenylnitrosamine
See N-Nitrosoiphenylamine, Chapater 35.

Driphenyl N-nitrosoamine
See N-Nitrosodiphenylamine, Chapter 35.

Di-sec-octy! phthalate
See Di(2-ethylbexyt)pbthalate, Chapter 31.

Disodium chromate
See Sodium chromate, Chapter 53.

DMN
See N-Nitrosodirnethylamine, Chapter 34.

DMNA
See N-Nitrosodimethylamine, Chapter 34.

Z6-DNT-
See 2,6-Dinitrotoluene, Chapter 23.

Dry cleaning safety solvent
See Stoddard solvent, Chapter 67.

EB
See Ethyl benzene, Chapter 20.

EDB
See Ethylene. Dibrornide, Chapter 45.

EDC
See 1,2-Dichloroethane, Chapter 9.

EG
See Ethylene glycol, Chapter 43.

EGME
See Methyl Celiosolve*, Chapter 42.

Fthane dichloride
See 1,2-Dichloroethanc, Chapter 9.

1,2-Ethanediol
See Ethylene glycol, Chapter 43.



CUMUIATTIYB INDEX 
II

Ethinyl trichioride
See Tnichloroethylene, Chapter 16.

Ethyl benzene
See Chapter 20.

Ethyl benzol
See Ethyl benzene, Chapter 20.

Ethyl chloride
See Chioroethane, Chapter 7.

Ethylene chloride
See I, 2-Dichloroetharje, Chapter 9.

Ethylene dibromide
See Chapter 45.

Ethylene dichioride
See l,2-Dichloroethane, Chapter 9.

Ethylene glycol
See Chapter 43.

Ethylene glycol methyl ether
See Methyl Cellosolve 0, Chapter 42.

Ethylene glycol mononiethyl ether
Sece Methyl Cellosolve 9, Chapter 42.

Ethylene tetrachloride
See Tetrachloroethylene, Chapter 17.

Ethylene trichionide
See 'Trichloroethylene, Chapter 16.

2-Ethylhexyl phthalate
See Di(2-ethylhexyl)phthalate, Chapter 31.

Ethyldene chloride
See lM-Dichloroethane, Chapter 8

Ethylidene dichioride
See l,l-Dichloroethane, Chapter 8.

Ethyl methyl ketone
See Methyl ethyl ketone, Chapter 41.

____ ____ ____ ____ ___A
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Ethyl phthalate
See Diethyl phthalate, Chapter 29.

F11
See Trichiorofluoromethane, Chapter 5.

Fenoprop
See Z,4,5-77, Chapter 62.

Fluorocarbon I1I
See Trichiorofluorornetbane, Chapter 5.

Fluorocarbon 1011
See Broniochioromethane, Chapter 44.

Fluorochioroform
See Trichiorofluoromethane, Chapter 5.

Fluorotrichioromethane
See Trich~loroflnoromethane, Chapter 5.

Formyl trichioride
See Chloroform, Chapter 4.

Forron
See 2,4,54', Chapter 61.

Freon I1I
See Trichlotofluorornethane, Chapter 5.

Fuel oils
See Chapter 66.

Gamma-benzene hexachioride
See Lindane, Chapter 47.

Gamma.BUG
See Lindane, Chapter 47.

Gamma.HCH
See Lindane, Chapter 47.

Glycol alcohol
See Ethylene glycol 43.
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Glycol dibromide
See Ethylene dibromide, Chapter 45.

Glycol dichloride
See 1,2-Dichioroethane, Chapter 9.

Home beating oil
See Fuel oils, Chapter 66.

Hydraulic fluid
See Chapter 68.

Hydrazine
See Chapter 55.

Hydrazine, anhydrous
See Hyd:Lazine, Chapter 55.

Hydrazine base
See Hydrazine, Chapter 55.

Hydrochloric ether
See Chloroethane, Chapter 7.

Hydrocyanic acid, ion
See Cyanide, Chapter 56.

Hydroxybenzene
See Phenol, Chapter 36.

2-Hydroxychlorobenzene
See o-Chlorophenol, Chapter 37

1.Hydroxy-2,4-dimethyl benzene
See 2,4-Dimethylphenol. Chapter 22

Jet fuel 4
See JP-4, Chapter 64.

JP-1
See Fuel oils, Chapter 66.

JP-4
See Chapter 64.
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Kerosene
See Fuel oils, Chapter 66.

Lvoxine
See Hydrazine, Chapter 55.

Lindane
See Chapter 47.

Malathion
See Chapter 50.

MCB
See 1,3-Dichlorobenzene, Chapter 26.

MEK
See Methyl ethyl ketone, Chapter 41.

Methane dichloride
See Methylene chloride, Chapter 1.

Methane tetrachloride
See Carbon tetrachloride, Chapter 6.

Methane trichloride
See Chloroform, Chapter 4.

2-Methoxyethanol
Se.-- Methyl Cellosolve*, Chapter 42.

Methyl acetal
See Acetone, Chapter 40.

Methyl acetone
See Methyl ethyl ketone, Chapter 41.

Methyl benzene
See Toluene, Chapter 19.

Methyl benzol
See Toluene, Chapter 19

Methyl Ce~osolve V
See Chapter 42
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Methyl chloroform
See 1,1,1-Trichloroethane, Chapter 10.

2-Methyl-1,3-dinitrobenzene
See 2,6-Dinitrotoluene, Chapter 23,

Methylene bichloride
See Methylene chloride, Chapter 1.

Methylene bromide
See Dibromomiethane, Chapter 2.

Methylene chloride
See Chapter 1.

Methylene chlorobromide
See Bromochloromethane, Chapter 44.

Metnylenc dibromide
See Dibromomethane, Chapter 2.

Methylene dichloride
See Methylene chloride, Chapter 1.

Methyl ethyl ketone
See Chapter 41.

Methyl glycol
See Methyl Cellosolve ®, Chapter 42.

Methyl ketone
See Acetone, Chapter 40.

N-Methyl-n-nitrosomethanamine
See N-Nitrosodimethylamine, Chapter 34.

Methyl trichlor~de
See Chloroform, Chapter 4.

Mineral base crankcase oil
See Chapter 69.

Mineral spirits
See Stoddard solvent, Chapter 67.

Monochlorobenzene
See Chlorobenzene, Chapter 24.

7=7 I.
-I -l
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Monochlorodibromomethane
See D•bromochloromethane, Chapter 3.

Monochloroethane
See Chloroethane, Chapter 7.

Moth balls
See Naphthalene, Chapter 32.

Motor spirits
See Automotive gasoline, Chapter 65.

Muriatic ether
See Chloroethane, Chapter 7.

Naphthalene
See Chapter 32.

Naphthene
See Naphthalene, Chapter 32.

Navy special fuel oil
See Fuel oils, Chapter 66.

NDPA
See N-Nitrosodiphenylamine, Chapter 35.

N-Nitroodimethylamine
See Chapter 34.

N-Nitrosodiphenylamine
See Chapter 35.

N-Nitroso-n-phenylaniline
See N-Nitrosodiphenylamine, Chapter 35.

N-Nitroso-N-phenyl-benzenamine
"I'e N-Nitrosodiphenylamine, Chapter ,5.

1,2,4,5,6,7,8,8-Oct achloro-2,3,3a,4,7,7a-hexahydro- 4,7-
methano-IH-indene

See C.iordane, Chapter 48.

ODB
See 1,2.Dichlorobenzene, Chapter 25.
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O,O-Diethyl-O-(6-methyl-2-(1 .methyethyl)-4-pyrimidinyl)
phosphorothioate p

See Diazinoii*, Chapter 51.

1,1'-Oxybis(2-chloro)-etharie
See Bis(2-chloroethyl)etber, Chapter 33.

Paradicblorobenzene
See, 1,4-Dichiorobeazene, Chapter 27.

PCB
See Aroclorg, Chapter 52.

PCE
See Tetrachloroethylene, Chapter 17.

PCP
See Pentachiorophenol, Chapter 39.

PD)B
See 1,4-Dichloroben~zene, Chapter 27

Penchiorol
Sec Pentachloropher~oI, Chapter 39

Penta
See Pcntachlorophenol, Chapter 39

Pentachlorophenate
See Pentachiorophenol, Chapter 39.

Pentachiorophenol
See Chapter 39

Perv
See Tetrachloroethylene, Chapter 17.

Perchioroethene
See Tetrachioroethylene, Chapter 17.

Perchloroethylene
See Tetrachiorocthylene, Chapter 17.

Perchloromethane
See Carbon tetrachloride, Chapter 6.

TTMT rL

7--7-71-7-7 `-
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Permanent anti-freeze
See Ethylene glycol, Chapter 43

Petrol
See Automotive gasoline, Chapter 65.

Phenic acid
See Phenol, Chapter 36.

Phenoclor DPI.
See Aroclor I.D 1260, Chapter 52.

Phenol
See Chapter 36.

Phenox
See 2,4-D, Chapter 60.

Pheny] chloride
See Chlorobenzene, Chapter 24.

m-Phenylene dichloride
See 1,3-Dichlorobenzene. Chapter 26.

Phenylethane
See Ethyl benzene, Chapter 20.

Phenyl hydride
See Benzene, Chap~er 18.

Phenyl hydroxide
See Phenol, Chapter 36.

Phenylic acid
See Phenol, Chapter 36.

Phenylmethane
See Toluene, Chapter 19.

Phosphoric acid, tris (2-methylphenyl) elter
See Tri-o-cresyl phosphate, Chapter 49.

Phthalic acid, butyl benzyl ester
See Butyl benzyl phthalate, Chapter 46.



CUMULATIVE MNEX .1-19

Phihalic acid, dibutyl ester
See Di-n-butyl phthalate, Chapter 30.

Phthalic cddiethyl ester
See Diethyl phthalate, Chapter 29.

Phthalic cidioctyl ester
See Di(2-ethylhexyl)phthalate, Chapter 31.

2-Propanone
See Acetone, Chapter 40.

Propellant I11
See Trichlorofluorornethane, Chapter 5.

Propylene chloride'
See 1,2-Dichioropropane, Chapter 12.

Propylene dichloride
Seý- 1,2-Dichioroipropane, Chapter 12.

Pyroacetic acid
See Acetone, Chapter 40.

Pyroacetic ether
See Aco-tone, Chapter 40.

Pyrobenzl
See Benzene, Chapter 18.

RII
See Trichiorofluoroinethane, Chapter 5.

Range oil
Set- Fuel oils, Chapter 66.

RCRA Waste N'itnber U068
See Dibrornomethane, Chapter 2.

RCRA Waste Number U082
See 2,6-Dichiorophenol, Chapter 38.

Refrigerant 11
See Trichlorofluoromethane, Chapter 5.
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Residual fuel oil No. 2
See Fuel oils, Chapter 66.

Residual fuel oil No. 4
See Fuel oils, Chapter 66.

Residual fuel oil No. 5
See Fuel oils, Chapter 66.

Residual fuel oil No. 6
See Fuel oils, Chapter 66.

Silvex
See Z4,5-TP, Chapter 62.

Sodium chromate
See Chapter 53.

Solvent naphtha
See Stoddard solvent, Chapter 67.

Stoddard so'vent
See Chapter 67.

Synthetic crankcase oil
See Chapter 70.

2,4,5-T
See Chapter 61.

Tar camphor
See Naphthalene, Chapter 32.

TCB
See 12,4-Trichlorobenzene, Chapter 28.

2,3,7,8-TCDD
See 2,3,7,8-Tetrachlorodibenzo-p-dioxin, Chapter 63.

TCE
See Trichloroethylene, Chapter 16.

TDE
See DDD, Chapter 58.

TEL
See Tetraethyl lead, Chapter 54.

/K'
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Tetrachiorocarbon
See Carbon tetrachloride, Chapter 6.

2,3,7,8-Tetrachlorodibenzo~tb,e)(1 ,4)dioxin
See Z,3,7,8-tetrachlorodabenzo-p-dioxin, Chapter 63.

2,3,7,8-Tetrachlorodibenzo-p-dio~xin
See Chapter 63.

Tetrachiorodiphenylethane
See DDD Chapter 5&

Tetrachloroethane
See 1,1,22-Tetrachloroethane, Chapter 11.

1,1,2,2,-Tetrachloroethanc
See Chapter 11.

syin-Tetrachloroethaiie
See 1, 1 =,-Teti achloroethane, Chapter 11.

Tetrachioroethene
See Tetrachioroethylene, Chapter 17.,

Tetrachioroethylene
See Chapter 17.

Tetrachloromethdne .

See Carbon tetrachloride, Chapter 6.

Tetraethyl lead
See Chapter 54.

Tetraethy! plumbane
See Tetraethyl lead, Chapter 54.

TOCP
See Tri-o-cresyl phosphate, Chapter 49.

Toluene
See Chapter 19.

Toluol
See Toluene, Chapter 19.

TOT?
See Tri-o-cresyl phosphate, Chapter 49.

-7777M23" '
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2,4,S-TP
See Chapter 62.

Tni
See Trichioroetbylene, Chapter 16.

1,24-Trichlorobenzene
See Chapter 28.

unsym-Tricblorobenzene
See 1,24-Trichlorobenzene, Chapter 28.

1,2,4-Tricblorobenzol
See 1,24-Tricblorobenzene, Chapter 28.

1,1,1-Trichloro-2,2-bis(p-chloropnenyl)ethane
See DDT, Chapter -57.

Trichloroethane
See 1,1,1-Trichlorrethane,.Chapter 10.

aipha-Trichlorcoethane
See. 1,1,1 -Trichloroethane, Chapter 10.

1,1,1-Trichloroethane
See Chapter 10.,

Trichioroetbene
See Trichioroethylene, Cbzpter 16.

Trichloroethylene
See Chapter 16.

1,1.(2,2,2-Trichloroetbylidene)bis(4-chlorobenzene)
See DDT, Chapter 57.

Trichlorotluoromethane
See Chapter 5.

Trichioromethane
See Chloroformn, Chapter 4.

2,4,5-Trichiorophenoxy acetic acid
See 2,4,5-T, Chapter 61.

Alpha-(2,4,5-trichlorophenoxy)propanoic acid
See 2,4,5-TP, Chapter 62.
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2-(2,4,5-Trichlorophenoxy)propanoic acid
See 2,4,5-TP, Chapter 62.

Tri-o-cresyl phosphate
See Chapter 49.

Tri-o-tolyl phosphate
See Tri-o-cresyl phosphate, Chapter 49.

VC
See Vinyl chloride, Chapter 13.

VCM
See Vinyl chloride, Chapter 13.

VDC
See l,l-Dichlorcethylene, Chapter 14.

Vinyl chloride
See Chapter 13.

Vinylidine dichloride
See 1,1-Dichlorcethylene, Chapter 14.

White spirits
See Stoddard solvent, Chapter 67.

White tar
See Naphthalene, Chapter 32.

Xylene
See Chapter 21.

m-Xylenol
See 2,4-Dimethylphenol, Chapter 22.

2,4-Xylenol
See 2,4-Dimethylphenol, Chapter 22.

Xylol
See Xylene, Chapter 21.

___ • • .•v•,m.,-,_,___________________.__________-m'* ,- : '.'.•
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MNEX 2

MOLECULAR FORMULA MNEX

The arrangement used in this index is based on the general molecular formula:
CAH Element,

where the order of elements is alphabetical. Inorganics pre"-de carbon-containing
compounds. Organics lacking hydrogen are listed before any CH's. Compounds without
known molecular formulas are listed at the end of the index.

CrO, -2Na
Sodium chronmate. See Chapter 53.

H.N2
Hydrazine. See Chapter 55.

CCIF
Trichiorofluoromethane. See Chapter 5.

Carbon tetrachloride. See Chapter 6.

CN
Cyanide. See Chapter 56.

CHBr2CI
Dibromochloromethane. See Chapter 3.

C!CI3
Chloroform. See Chapter 4.

CH1BrCI
Bromochioromethane. See Chapter 44.

CH2Br2
Dibromomethane. See Chapter 2.

CH2C12
Methylene chloride. See, Chapter 1.

Tetrachlo'roethylene. See Chapter 17.

JI w i 4'11 11I
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Trichioroethylene. See Chapter 16.

1,I-Dichlorocthylene. See Chapter 14.
trans-i ,2-Dichlorocthylene. See Chapter 15.
1,2-Dichloroetbylene, mixed isomers. See Chapter 15.
cis-1,2-Dichloroethylenc. See Chapter 15.

C7H 2L-1
1,1,22-Tetrachioroethane. See Chapter 11.

Vinyl chloride. See Chapter 13.

1,1,1-Trichloroethane. See Chapter 10.

C2H.Br2
Ethylene dibromide. See Chapter 45.

C2.1,1Dcirehn.SeCatr8
7,, 1,2-Dichloroethane. See Chapter 9.

Chioroethane. See Chapter 7.

C2HNO
N-Nitrosodimethylamine. See Chapter 34.

C2H0 2 ,
Ethylene glycol. See Chapter 43.

CH4C12
1,2-Dichloropropane. See Chapter 12.

CAH4
Acetone. See Chapter 40.

CH,H0 2
Methyl Cel~osolve". See ,Chapter 42.

Bis(2-chloroethyl)ether. See Chapter 33.



CUMUIATIVE INDEX 1-26

Methyl ethyl ketone. See Chapter 41.

ciiajo
Pentachlorophenol. See Chapter 39.

CACia,
1,2,4-Trichlorobenzene. See Chapter

CIHIC12
1,2-Dic~lorobenzene. See Chapter 25.
1,3-Dichlorobenzene. See Chapter 26.
1,4-Dichlorobenzene. See Chapter 27.

CH'C120
2,6-Dichlorophenol. See Chapter 38.

CIHSC
Chlorobcnzene. See Chapter 24.

CqHSIO
o-ChforophenGl. See Chapter 37.

C"-A
Benzene. See Chapter 1&

C4,-ACI4
L.indane. See Chapter 47.

CAO
Phenol. See Chapter 36.

Z6-Dinitrotoluene. See Chapter 23.

CH.
Toluene. See Chapter 19.

CAC,30,
2,4,5-T. See Chapter 61.

CHQ 2O,
2,4-D. See Chapter 60.

Ethyl benzene. See Chapter 20.
o-Xylene. See Chapter 21.
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m-Xylene. See Chapter 21.
p-Xylene. See Chapter 21.
Xylenes, mixed. See Chapter 21.

CHWO
2,4-Dimethylphenol. See Chapter 22.

C,H-Pb
Tetraethyl lead. See Chapter 54.

C.Ha,o,
2,4,5-TP. See Chapter 62.

CvH4C1i
Chlordane. See Chapter 48.

Naphthalene. See Chapter 31.

Malathion. See Chapter 50.

C2HI4Cl.O2
2,3,7,8-Tetrachlorodibenzo-p-dioxin. See Chapter 63.

C.HI',N 20
N-Nitrosodiphenylamine. See Chapter 35.

Diethyl phthalate. See Chapter 29.

CuI 21N203PS
Diazinon@ See Chapter 51.

q.HIa,
DDE. See Chapter 59.

DDT. See Chapter 57.

C,.H10C1.
DDD. See Chapter 58.

C'I,,=O,
Di-n-butyl phthaiate. See Chapter 30.

U
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Buty! benzyl phthalake. See Cbhapter 46.

C•HmO.P'
Tri-o-cresyl phosphate. See Chapter 49.

Di(2-ethylhexyl)phthalate. See Chapter 31.

MoleUlar Formula Unknown

Aroclor ® congeners
See Chapter 52.

Automotive gasoline
See Chapter 65.

Fuel oils
See Chapter 66.

Hydraulic fluid
See Chapter 68.

JP-4
See Chapter 64.

Mineral base crankcase oil
See Chapter 69.,

Stoddard solvent
See Chapter 67.

Synthetic crankcase oil
See Chapter 70.
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INDEX 3

CAS NUMBER INDEX

-CASgtr.hj 5meQCaper CAS Numbr See Chapter

50-29-3 57 100414 2056-23-5 6 105-67-9 2257-12-5 56 106-42-3 2157-74-9 48 106-46-7 2758-89-9 47 106-93-4 4562-75-9 34 137-06-2 967-64-1 40 107-21-1 4367-66-3 4 108-38-3 2171-43-2 18 108-88-3 1971-55-6 10 108-90-7 2472-54-8 58 108-95-2 3672-55-9 59 109-86-4 4274-90-8 56 111-44-4 3374-95-3 2 117-81-7 3174-97-5 44 120-82-1 28'75-M0-3 7 121-75-5 5075-01-4 13 124-48-1 375-09-2 1 127-18-4 1775-34-3 8 143-33-9 5675-35-4 14 151-50-8 5675-69-4 5 156-59-2 1578-00-2 54 156-60-5 is78-30-8 49 302-01-2 3578-37.5 12 333-41-5 5178-93-3 41 540-59-0 1579-01-6 16 541-73-1 2679-34-5 11 606-20-2 2384-66-2 29 1330-20-7 2184-74-2 30 1746-01-6 63
85-68-7 46 7775-11-3 5386-30-6 35 8006-61-9 6587-65-0 38 8008-20-6 6687-86-5 39 8052-41-3 6791-20-3 32 11096.82-5 5293-72-1 62 11097-69-1 5293-76-5 61 12674-11-2 52

94-75-7 60 53469-21-9 5295-47-6 21 68476-30-2 6695-50-1 25 68476-31-3 6695-57-8 37 68553-00-4 66
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No CAS Number Assigned:

Hydraulic fluid See Chapter 68
JP-4 See Chapter 64
Mineral base crankcase oil See Chapter 69
Synthetic crankcase oil See Chapter 70

"*Numeric designation assigned by the American Chemical Society's Chemical
Abstracts Service which uniquely identifies a specific chemical compound.
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INDEX 4

NIOSH NUMBER INDEX

NIee CNumber

AG6825000 60
AJ8400000 61AL3150000 40CY1400000 18
CZ0175000 24
CZ4499000 26
CZ4500000 25
CZ4550000 

25

DA0700000 20
DC210M,0o 28
EL6475000 41
FG4900000 6
FS9100000 4
GB2955000 53
GS7175000 56
GV4900000 47
HIP3500000 63
HZ1800000 66
100525000 34
JJ9800000 35
KH7525000 7
KH9275000 45
K10175000 8
KI0525000 9
K10700000 58
K18575000 11'
KJ2975000 10
KJ3325000 57
KL5775000 42
KN0875000 33
KU962,00 1.3
KV9360•00 1.

KV9400000 15
KV9422000 15
KV9450000 59
KW2975000 43
KX3&S000 17
KX4550000 16
LS8950 "-)o 66
LX3300000 65
MU7155000 55
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NTOSH Number See Chapter
MW68250WO 56
OA55000000 66
PA5250000 44
PA6360000 3
PA7350000 .2
PAS050000 I
PB6125000 5
PB9800000 48
QJO525000 32
SJ332500 36
SK2625000 37
SKS750000 38
SM3000000 39
TDO350000 49
TF3325000 51
TH9990000 46
TM0975000 30
M11050000 29
T11925W0 31
TP4550000 54
T01315100 52
TQ1356000 52
T1360000 52
T01362000 52
TS8760000 56
TX9625000 12
UF8225000 62
VZ7525000 56
WJ8925000 67
'W•i400 50

XS52500 19
XT1925000 23
YZ8061000 14
ZE2100000 21
ZE2190000 21
ZE2275000 21
ZE2450000 21
ZE2625000 21
ZE5600000 22
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No NIOSH Number Assigncd:

Hydraulic fluid See Chapter 68
JP-4 See Chapter 64
Mineral base crankcase oil See Chapter 69
Synthetic crankcase oil See Chapter 70

"A unique nine-pcxition accession number (two letters Pnd seven numerals) assignedalphabetically to each substance in the Reztry of Toxic Effects oZ Chemical Substancespublished by the National Institute for Occupational Safety and'Health (Reference 47).

'7
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INDEX 5

QUICK INDEX

c1Ia L VOLUMRCHAPTER-PAE

ACETONE .............................................. 3:40-1
AROCLOR 1016 .......................................... 3:52-1
AROCLOR 1242 .......................................... 3:52-1
AROCLOR 1260 .......................................... 3:52-1
AROCLOR 1254 .......................................... 3:52-1
AUTrOMOTIVE GASOLINE..................................4:65-1
BEJZIMNE..............................................i-18-1
BROMOCIILOROMETIIANE ................................ 3:44-1
BUTYL BENZYL PHITHALATE .............................. 3:46-1

DI-NBtJYL PTHAATE................................2.201
CARBON TETRACHLORIDE .................... ........... 1:6-1
CHILORDANE ........................................... 3:48-1
CHLOROtIENZENE ............................... 2-24-1
CHLOROETHANE ........................................ 1:7-1
BIS(2-CHLOROETHYL)ETHER....................... o........2-33-1
CHLOROFORM .......................................... 1:4-1
O-CHLOROPHiENOL ...................................... 3:37-1
CYANIDE (CN) .......................................... 4:56-1
CYANIDE (HCN) ................................ 4:56-1
CYANIDE (KCN) ....... ?................................. .4:56-1
CYANIDE (NaCN) ......................................... 4:56-1
2,4-D ................................................. 4.460-1
DDD .................................................. 4:58-1
DDE................................................... 4:59-1
DDT................................................... 4:57-1
DIAZINON............................................... 3:51-1
DIBROMOCHLOROMETHANE ............................... 1:3-1
DIBROMOETHANE .................................... 1:2-1
1,2-DIACILOROBENZENE................................... 2.25-1
1,3-DICHLOROBENZENE................................... 2.26-1
1,4-DIC14LOROBENZENE.. ................................. 2.27-1
1,1-DICHLOROETHANF.................................... 1:8-1
1,2-DICHLOROETHANE.................................... 1:9-1
1,I.DICHTLOROETHYLENE................................ 4. 1:14.1
1,2-DICHILOROETHYLENE (CIS) ............................... 1:15-1
1,2-DICHLOROETHYLENE (MIXTURE) ........................ 1:15-1
1,2-DICHL-OROETHYLENE (TRANS) ........................... 1:15-1

* 2,6-DICHILOROPHENOL ..................................... 3:38-1
1,).DICFLOROPROPANE................................... 1:12-1
DJ2-THY PHITHALATE .................................... 2:-29-1
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QUI INDEX (ConL)

i VOLUME:CHAPTER-PAGE

2,4-DIMETHYLPHENOL ....... . 222-1 .. ,

2,6-DINITROTOLUENE .................................. 2:23-1
ETHYL BENZENE ........................................ 2:20-1
ETHYLENE DIBROMIDE ................................. 3:45-1
ETHYLENE GLYCOL ......... ............................ 3:43-1
DI(2-ETHYLHEXYL)PHTL ........................... 2:3!-1
FUEL OILS I ................ ........................... 4:66-1
FUEL OILS 4 ........................................... 4:66-1
FUEL OILS 2 ........................................... 4:66-1
FUEL OILS 6 ............... ........................... 4:66-1
HYDRAULIC FLUID ...................................... 4:68-1
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